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iiuthor ' s rorewnrd 



Agriculture ei^tension worK requires more than gco6 intentions and 
rapport with fan-ners* The real challenge is usually establishing 
credibility in the agriculture skills ar^^a* 

Agriculture at the small farmer level in a developing country is 
a complex endeavor. Farmers have muc.^ they can teach you when it comes 
to land preparation ^ planting^ harvesting, using tools, and other 
manual skills. Likewise, there are many yield-boosting skills you can 
show them, especially in the areas of soil conservation , organic and 
chemical fertilizer Use, and the safe and appropriate use of agricultural 
chemicals. 

This manual has been designed as an on-the-job reference for soil 
management ant? fertilizer use; hopefully^ it will help you along that 
sometimes bumpy road to credibility, 

I would^ike to give a special thcinks to Susan Cass for the 
illustrations un this mfiniial. 



O^vid ijeonard 



please Note; Any suggestions for revisions or additions are welcome. 
Write tO! 

Infonnation Collection and Exchange, OPTC 
Peace Corps 

806 Connecticut Avenue 
Washington , D.C, 20525 
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PART I 
STARTING FROM SCRA^H 
Some Important Soil Basics 



WHAT IS SOIL AKYWAV? 



Most soils evolve slowly over centuries from the weather* 
ing of underlying rock material and decomposing plant matter* 
Some soils are formed from deposits layed down by rivers and 
seas (alluvial soils) or by wind (loess soils)* 



Soils have 4 basic components! 



1. Mineral particles (sand^ 
silt, clay) 

2* Organic matter 

3» Water 

4» Air ^ 

A typical ^saiitple of topsoil contains about 50% pore 
space with varying proportions of air and water depending on 
the soil's moisti^re content* The other 50% of the volume is 
made up of min eral particles (sand, silt, clay*) and organic 
mat£e£| mos^ mineral soils range fr^m 2-b% organic matcer in 
the topsoil by weight* Organic soils like peats are formed . 
in marshes^ bogs, and swamps^ and contain 30-100% organic ( 
matter* ' ^ 



WHY DO SOILS VARY SO MOCK? 



\ 



Climate ^ tvp6 of parent g6&te # topography , vegetation ^ 
manaqeme/ ^t^ and time ^aT I xnirluence soil formation and inter- 
act in countless patterns to produce an amazing variety of 
soil^*- It's^not unpommcSn to find 2 or 3 different soils with- 
in orje small farm that differ markedly in management problems 
and crop yield potential* 
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TOPSOIL Vs, SUBSOIL 
^ ^ 

Dig down a couple feot in most solls^ and you'll notice 
2 distinct layers. The TOV^^^Oll- is the darker, upper layer 
about 6-12** thick* Most of a crop*s roots (like 60-80%) are 
found here, since topsoil offers much better conditions for 
root growth. That's because: . ' ' 

1. Topsoil is ipore fertll^g than subsoil because of its 
higher organic matter content (that's winy it*s darker) 
and because Tc\ost fertilizer nutrients don't move clown- 
ward after being applied to the topsoil layer# 

Topsoil is looser (less conipacted) than subsoil because; 
plows and hoes usually don*t reach the subsoil ^ organic 
matter aids looseness; subsoils tend to be more clayey. 

So what good is SUBSOIL if most of the action takes place 
in the topsoil?: 

1. An average subsoil is much thicker than tHe topsoil 
and provides a v^tal moisture reserve during dry 
spells# It's estimated that about half the moisture 
needed to grow a crop of corn in the Corn Belt is al- 
ready in the subsoil at planting time^ while averaqe 
rainfall durinq the crop's growth provides the other 
half. 

2. Subsoil characteristics like drainage ability and 
nutrient content have a ,big influence on crop yields* 

Making toPsoil out of subsoil : Exposed subsoil (i»e» due to 
erosion) can be converted into productive topsoil over several 
years through large additions of organic matt eg (compost, ani- 
mal manure. etc») as long ^as there's enough total depth left 
(at least 18»* or 3o)m More on this in Part VX. 



THE MINERAL SIDE OF SOILS; SAND, SILT^ AND CLAY 

It would take about 10,000 average size clay particles 
to equal an inch vs* only about 125 average sand grains* 
Silt is midway between in size* 

Sand and Silt 

Both sand and silt are just broken down rock fragments, 
mainly quartz (silicon dioxide)* Silt particles are miniature 
sand particles* They don't usually contribute much soil fer* 
tility since quartz contains no plant nutrients and the par- 
ticles carry no negative charge like clay and humus (see be- 
low)* Some sands contain sizeable amounts of micas and fcld* 
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spars which aid soil fertility^ but this is unc6mnion» Des- 
pite their lack of nutrients, sand and the larger of the silt 
particles are very beneficial to soil til^h (ease of working), 
drainage, and aeration If pi*esent in moderate amounts. \ . 

Aside from their much smaller size, clay particles are 
uniquely different from sand and silt; 

/ 1; Clay particles have a negative charge : They act like ^ 
/ magnets by attracting and holding those plant nutri-- ^ 

ients that have a plus (^) charge like ammonium nitro- 

?en (NHJ), potassium (K+), calcium (Ca*+), magnesium 
M^++), and several others* This greatly cuts down 
on nutrient losses from the downward movement of rain 
or irrigation water (called leaching losses) i 

2* The y have a tremendous surface area : Each clay par- _ 
tlcle is a laminated structure of platelike units* 
Tills lattice makeup plus small size means a huge sur- 
face area for attracting plus charged nutrients* One 
cubic inch of clay particles easily has 200^-500 sq^ 
ft« of surface area* 

3» Thev furnish some plant nutrients : Unlike the' sand 

and silt particles, clays are alundnum^silicate minerals 
and also contain varying amounts of potassium, calcium, 
magnesium, iron, anfl other nutrients*. A good part of 
^ a soil's natural fertility comes from its clay fraction, 
but this varies a lot with the type of clay (see below)* 

How Xllavs Differ 

There are a number of different clay types, and most soils 
contain at least 2* The clays found in most temperate zone 
soils differ in several important respects from those that 
predominate in many tropical soils where weathering has been 
more intense* 

the 2;1 silicate clavs dominate the clay portion of most 
temperate zone soils (the ratio refers to the proportion of 
silicate to aluminum)* Soils with a high content of 2:1 
clavs are very sticky and plastic iidien wet and foay font large 
cracks upon drying* They also nave a relatively high negative 
fl ftarg e (good^ for holding large amounts of plus charged nutri- 
ents)* ^ 

In many well drained and weathered tropical and sub-tropical, 
soils, the clay fraction is dominatigf^- by the 1;1 silicate clavs 
and the hvdrous oxide clavs of iron Shd aluminum* That's be- . 
dause centuries of weathering and leaching have removed a lot 
of silicate. Unlike the 2:1 clays, these "tropical clays" 
are much less sticky and elastic and have Better tilth com- 
paratively^ However, they tend to have much lower natural 
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^:^ert:llltY their nutrients ha\*a bean leached out) 

and a much lower negative charge (less nutrient holding ability) 

IMPORTANT POINT 1 : Note that good drainage (favorable to leach-- 
tng) , lots of rainfallj a werm climate, and centuries of weather 
ing are needed to form a true tropical soil (one whose clayi> 
are mainly 1:1 and hydrous oxidesi* Many soils in the tropics 
and sub^tropics are relatively young, poorly drained, or have 
formed under low rainfall; such soils are more likely to con- 
tain mainly r:l temperate type clays in their clay portion; 
some may he a mix of both kinds* A distinct red or yellow 
color, especially in the subsoil^'is a sign of extensive weather 
ing'under good drainage and usually means that **tropical*' clays 
dominate the soil's clay portion* 



SOIL ORGANIC MATTER 

Most actively cropped soils contain only 2^4% organic 
matter in the topsoil (by weight)* Despite its small propor- 
tion,^ organic matter plays a vital role in crop production; 

1* It greatly improves ^oil physical condition (tilth) 
by loosening up clayey r^oils and tightening up sandy 
soils* Benefits are very noticeable at about the 3-6% 
level* ^ . ' 

2* It markedly increases the water h olding capacity of 
sandy ?\ii'/.# 

3* It's an important storehouse and supplicg of nutrJents 
(especially nitrogen, phospJ^arus, and sulfur) which 
are. slowly released as organic matter decpnjposes. It's 
estimated that for each 1» ocganic matter in the top-* 
solly a yield of 10 bushels (560 lbs*) of corn can be 
obtained per acre (600 Jcgs^/hactare) without additional 
fertilizer© 

,4» Th« tiny particles of partially decomposed organic 

matter ar^ known as HUMUS and have a very higb negative 
chaw^ e compared to most clays* Humus 'can account for 
a' large share of a soil % nutrient holding capacity^ 
especially^in sandy soils or true "tropical" soils* 
It can hold up to 30 times more nutrients than clay. 

5 ♦Humus helps protect phosphorus and pther nutrients 
from becoming tied up /in tfte^ 'soil (see p#46 )» 

6* It cuts down soil erosion by binding soil particles 
^into a crumb liKe structure that resists being carted 
away by flowing water. It. also lessens water runoff 
by making the soil more permeable to rainfall* 
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Organic Matter Does Vlonders 



for Soil, EUJ there's a Catch 



A virgin forest or grass soil has a healthy organic mat- 
ter content (like 6-9%) In the topsoil* Trouble is, once 
you start propping it^ this level can decline rapidly for 
3 reasons 

1* Plowing and hoeing aerate the soil, and this stimu- 
lates the microbial breakdown of organic matter* 
Sure^ it may be thrilling to watch ol.d roots, leaves, 
and stalks gradually turn crumbly, bvt the process 
keeps on going right past the humus stage til there's 
nothing left* 

2* Forest and grass recycle high amounts of organic 
matter back to the soil through leaf drop and 
dead roots, but most cultivated crops can*t come 
close to matching this* 

3* Crops grown in rows expose- the soil to higher 
temperatures which accelerate organic matter 
breakdown* ^ 

So what's to keep you from maintaining or building up 
organic matter levels by adding compost, manure, etc2 It 
usually isn*t feasible except on small areas like home 
vegetable* gardens because : 

1* It takes a Juifl^ amount of organic matter to 
raise the humus level by even one percentage 
point (i*e* from 3% to 4%)* Each X% soil organic 
matter equals 20,000 Ibs^/acre (22^000 kgs*/hectare)« 
It takes 40,000 lbs* of fresh organic matter to 
end up with 20,000 lbs* of h\imus (partially de- 
composed organic matter, o#in^), 

2* The problem of organic matter breakdown is es«* 
pecially ^^erious in the tropics due to higher 
temperatures^ decomposition takes place 3 times 
as fast at 90Op than at 60^* That's one big 
reason why the vast majority of successful or^ 
ganic gardening projjects are located An tdoperate 
climates* For large arfeas, though, it*s ho picnic 
trying to raise o*in* levels even in a cool climate* 
In an experiment in New York, adding 2S tons of 
stable manure per acre per year raised the topsoil 
o*m* level only 2 percentage points after 40 years* 
The trick is to concentrate on smaller areas where 
you can *pply hi9^ amounts without hiring "a 
supertanker* 

Despite the uphill battle, there are a number of things 
you can encourage, your farmers to do to at least minimise 

♦Vegetable will be shortened to vegi.^ for the rest of this 
manual. - ^ . 
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organic matter losses. We»ll get into the. nitty gritty de- 
tails in Chapter VI , but here''s some general advice: 

f 

1» Encourage farmers to return all crop residues 
to the soil except in the case of special dis- 
ease or insect problems* 

2» Don*t prepare land by burning if another method 
is feasible* 

3» Wake applications of manur e arid c ompost ; unless 
a farmer can buy manure or"has a "good number of 
animals in confinement, it*ll be hard to come 
up with enough for anything but a small area* 
More on this on p*57» Compost is practical only 
for small areas » 

4» Limit tillage operations (plowing, disking, Joe- 
ing) to the minimum needed for adequate seedbed 
preparation and weed control* 

5* Rotating low residue crops like'vegies and cotton 
with medium residue (corn, sorghum, rice) or 
high residue (pasture grass) crops will helpj but 
few small farmers have this type of flexibility* 

6^ If liming is needed to lessen soil acidity (raise 
the pH), avoid excessive applications since they 
increase microbial breakdown of o«m* Never lime ^"X, 
a soil to a pH above 6»5» Chapter 8 is devoted to 
liming* ^ 

?♦ Green Manure Crops : lSiat*s a term used for grow^ 
Ing a crop like cowpeas, soybeans , oats, etc* 
and plowing it under in the green. Immature stage 
to add organic matter (legumes like cowpeas and 
soybeans will also add nitrogen to the soil)* 
In some cases it*s a good idea, but here*s the 
problem: 

a« Not many small farmers will want to tie 
up their land growing a non-cash crop* 

b* the effect of green manure crops is short 
lived in the tropics* 

Cir The green manure crop-may use up soil mois- 
ture needed for the next crop* 



In short, yoi Vve got the best chance for maintaining or 
raising soil o#cu content on small areas* It*ll be a real 
battle on larger fields* 
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MORE ON^SOIL MICRO- ORGANISMS 



The soil is a tremendous biological lab with a teaspoonful 
containing easily a billion micro— organisms* Some cause plant 
diseases, but most are beneficial: 

1« They make humus : Maay kinds, of soil bacteria and 
fungi break down fresh or^^anic matter into crumbly 
humus (partially decomposed o»m» that does all those 
great things for soil)* 

2m They release Plant nutrients tied-up in o»m» : Most 
of the nitrogen, phosphorus, and sulfur in fresh 
plant residues is tied up in the organic form which 
plant roots can't use* Soil microbes convert these 
tied-up nutrients into the in- organic (mineral) form 
in the process of breaTcing down o«m« and make them 
available to plants* For example, microbes convert 
unusable organic nitrogen to the available ammonium 
and nitrate forms like so; 



3» Nitrogen Fixation : Several types of bacteria can 

••fix" nitrogen from the air and convert it to a form 
that plants can use* The most important type is^ the 
Rhiaobia bacteria that form pea-like nodules on the 
roots of legumes (plants that produce their seed in 
pods like peanuts, beans, peas, clover, alfalfa, soy— 
beans)* The Rhlzobia have a symbiotic (mutually bene- 
ficial relationship with the legumej they get fed with 
sugars from the roots and supply the host legtime with 
N taken from the air* Most pasture legumes like 
alfalfa, kudzu, clovers, and siratro need no fertilizer 
nitrogen thanks to the Rhiaobia * Soybeans, peanuts, 
and mung beans need little or no extra N as long as 
the proper strain of Rhisohia is present* Beans, 
peas, and lima beans are less efficient N fixers and 
usually need some fertilizer N* 

Aside from Rhizobia, blue-^reen algae can fix useful 
amounts of N in floodeo rice soils* Azotobacter are 
free^-living N fixing bacteria commonly found in warm 
climate soils* Even so, non-legumes need nitrogen 
supplied from chemical and/or organic fertilisers* 



microbe, 




microbes 



ORGANIC NITROGEN 
(unavailable) 




(available) 



( available) 



4» 

15 



PART II 



SOIL PHYSICAL PROBLEMS 
How to Spot Them and Fix Them 



DOWN TO EARTH: Getting to Know vouc Area*s Soils 

It*s very hard to make any useful generalizations about 
the soils of the tropics and sub*tropics» Remember that cli*^ 
matq ^ parent; rock * topography ^ Cime # vegetation ^ and manaqe * 
ment interact in countless patterns* Don't t>c surprised to 
find several kinds of soil on one small farm that vary marked- 
ly in depth, slope, drainage, water holding capacity, texture, 
tilth, pH, and fertility* Here's how to get to know your 
area's soils: 

1» You'll usually get the most useful info on local 
soils by talking with the farmers who earn their 
living from them and by examining them yourself. 

2# Get hold of any soil survey reports or other 
soil studies on your area* 

3» Get a competent extension agent or agronomist 
to spend some time in the field with you* 

This chapter focuses on soil PHYSICAL PROBLEMS that can 
cut crop yields; they're every bit as important as soil PER* 
TILITY PROBLEMS (i*e# nutrient deficiencies, too acid or alka- 
line a soil) which we'll cover in part IV* 
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some Coinmon Soil Physical Problems 



Shallow soil 
Excessively rocfcy soil 

— Soli— coinp^act±on: and h ardpans — — ^ 

Low water holding capacity 
Poor drainage 

Crusting of surface soil that prevents 
seedling emergence or water intake 

Soil erosion 



HOW TO SPOT AND TREAT SOIL PHYSICAL PROBLEMS 

Using a shovel (or soil probe or auger) and a homemade 
slope meter you can check out the 6 vital signs of soil 
physical health: TEXTURE,— T^tTH^ -WATER HOLDING CAPACITY- 
DRAINAGE, DEPTH, and SLOPE, 

Let's take them one at a time* Hey, wait a minute, we 
haven*t said anything about SOIL COLOR; where does it fit in V 

What About Soil Color ? 

The darker the soil, the richer it is, right? Not always^ 
In some areas like prairie grasslands of the Great Plains 
there is (or was) a direct relationship between color and 
humus content* the more black, the more humus. However, in 
many other areas, especially the tropics, there's often littler 
connection between blackness and humus contents In warmer 
climateSp humus doesn't often have a black color but tends 
to be brown; parent rock can make a soil brown too. Some dee[ 
black soils in the tropics owe their color not to high humus 
content but to a reaction of calci\iin in their limestone parert 

material with only a small amount of humus. 

t 

How about red and yellow colors? They usually indicate 
extensive weatTTering and oxidation (i*e» good drainage); 
dull greys and blues^ especially in thesubsoil, are a sign 
of poor ar ai nage • _ More ^n jfch_at on p» Iti • _ ^ f; 

OK, so let*s talk about the 6 major features of soil 
physical health. 

I# SOIL TEXTURE 

Texture refers to the relative amounts of sand, silt, 
and clay in a soil; it has nothing to do with humuso Tex- 
ture has a big influence on soil productivity and management 
needs, since it affects tilth, water holding ability, drain- 
age, erosion potential, and soil fertility* 
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Texture usually varies wltli depth : The subsoil tends to be 
more clayey than the tonsoil, though the reverse may sometimes 
occur • 

Thrre are 3 basic texture groups; SANDS, LOAM^^ CLAYS • 
Uney can be sub-divided fuitber: 



SANDS 



LOAMS 



CLAYS 



(Coarse textured soils) (Medium texture<i) (Fine Texttjred) 



Sands 

Loaniy sands 
Gravelly sands 



Sandy loams 
Locuns 

Silt loams 
Clay looms 
iilty clay loams 



Sandy clays 
Silty claviJ 
Clays 

Gravelly clays 
Stony clays 



Gravelly lonm? 

Here are the relative %*s of sand, silt, and clay according 
to soil texture : 

(s = sand, si = silt, cl » clay) 



85% 



1056 



si 



5% 



LOAMY 
SAND 



65% 



^5% 

I ■ 



103t 

cTl 



45% 



n40% 



.J \ 



SANDY 
LOAM 



sn. 



15% 



cl 



liOAM 



60% 











si 








20% 






1 


s 




cl| 
1 



SILT 

LOAM 



55% 



1S% 
— cl 



J 



SILTY CLAY 
LOAM 



L 



37% 




— . . 


■ • j" 


si 


c3 I 

-I 




. J 



45% 







s 


si 


icl 
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CLAY 
LOAM 



CLAY 
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Checking Oit Soil Texture in the i-'leld 



Don*t worry about distinguishimj all the textural types, 
but you should be able to tell the difference between a SANDY, 
LOAMY, and CLAYEY soil. You can do that and then some by using 
_tbe_.guidelines below; 



SOIL TYPE 



SA;^JD 



Visual 

Loosest single 
grained 



Sciueeze Tes .t 

TiVhen dry and squeezed j 
it faj-l:^ apart when 
released 0 If wet^ it 
crumbles readily when 
touched. 



Grittv 



SANDY 
LOAK 



Loose 



Pew Clods 



When dry and squeezedp 
it falls apart readily 
when released. If wet^ 
i£ forms a cast that 
crumb,l es w /o careful 
handling. 

When dry and squeezed , 
it forms a cast that, 
needs careful handling. 
If wet, the cast can be 
freely handled w/o 
breaking. 



Gritty 



A bit Oritfcy 
ivut slightly 
plastic. 



SILT 
LOAM 



Cloddy but 
clods are eas- 
ily broken. 



Ssme as above. 



Onl^ slightly 
gritty a/ia plas- 
tic; has a tai*- 

cum like feel- 



CLAY 
LOAM 



Cloddy and 
lumpy when 
dry. 



When wet and squeezed, 
it forms a cast that 
holds together undei* 
heavy handling. 



Plastic: fG-.n;; 

a ribbo 'i whr n 
pinched bc:""^;e^; 
thiimb ana f crf: - 

firvqer bi:t it 

breaks ^e^^'l 



CLAY 



Hard lumps or The wet cast can be 
clods when dry. tossed and caught re-* 

peatedly w/o breaking. 



Very st-C.:y 
p 1 a s t i cj o iTia ;s 
a ribbon ^^a^ , 



THE PROS AND CONS Ob'^ SAWDY^ LOAMY, AND CLAYEY SOILS 

■ Sands (Coarse Textt^red Soils) 

Sandy soils are easily tilled, resist compaction, and hei 
good drainage and aeration - 1.11 good qualities for encouragii 
root growth. However, i^,,r ,,=.4-^^ H^.iw^^r. 
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problem in sandy soils is that watnr passes throur?/: ^r) 
rapidly* However, this dOf^:s moke them more, resistant tr^ s-: " 1 
erosion losses by rainfall, since water ^:ends to penetrate 
rather than to run off as it docs on clayey soils^^ 



Despite the loi'ig list of cons, sandy soils are -Jimong 
the- most prodiK:tive_vegt^t_abl^ to their good drainage 

(fewer disease problems) ond tolerance of f requent" m^^^^^ — 
traffic without compaction problems* 



Loams (Mediunfi Textured Soils 

A true loam soil combines the good points of bot!^ sandy 
and clayey soils without the bad ones* Sandy loar^s show the 
negative traits of sandy soils to some degree., whiJo clay 
loams tend to have some of the problems of clay soils* 



clays (Fine" Textured Soils) 

Pros : Im High water holding capacity ; they hold' at least: 
twice as much available water per foot of depth 
. than sandy soiis* That makes th#n more drought 
resisttint and less iprone to Iccichinqa 

2, Thoy tend to havo a higher negative chargg than 
sandy soils for ? reasons: more clay particles^ 
and they also tend to have more organic matter 
tVia!n sandy soils- thrs makes for lesr* leaching 
of plus charged nutrients (see p^>39)* Howe\'er| 
true tropical clays have a much lower charge 
than temperate type clays» 

3» They tend to have higher natural fertility 
than sandy soils, but not always * 

Cons : 1, They're more prone to poor drainage . 

2, They're easilvc^mpacted by itachinery^ animali 
or foot traffic- 

3, They're harder to plow or hoe^ not only in 
terms of power., r/at in term^ of ideal moisture 
range* Tf workeo when too wet^ they coi'ni>act 
and stick* Zf tilled When too d:r/.. thay^rv^ 
overly hard and cloddy* 

4, Soils high in clay tend to crust over end 
inhibit seedling emergence (^:ilt can do tMs 
too^*^ 

5a Most clayey scf..is have a s I pw^ wa t er aJp s orp t ion 
rate, making th-jim more suscepicible to erosxon 
by water runof::.. 



20 : M em mum 
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CAUTIOWi Don't Over^qenerallze ! 

Don't take the above coioparison of sandy, loaniy, and 
clayey soils too rigidly. Clayey soils aren't: necessarily 
poorly drained (especially if on a slope) or high In natural 
fertility* All sandy soils aren't low in natural ft^rtilifcy 
eithor* Clayey soils are probably the most variable of 
the 3-^roups^ -- ^ 



HOW to" improve "CLAYEY AWP-SAND^-Sei^S ^ 

There's lots of hope if you're working with a small 
area: 

1* Add sand to clay or clay to sand* 

2* Add organic matter to both* Compost, manure, rotted 
coconut huskS| seaweed, and sugar mill filter press 
cake (cachasa) will loosen and fluff up clayey soils 
and help tighten up sandy soils and increase their 
water holding capacity* They also supply plant nu- 
trients* Sawdust, rice. hulls, and cottonseed hulls 
will help loosen a clayey soil but don^t do imich for 
sandy soils or have much fertiliser value* ^Don't 
expect quick results; it may take several years 
of high application rates (like 1 lb*/sq* foot 
or about 5 kgs*/sq* meter)* We'll cover organic 
fertilizers and soil improvers in Part VI» 

3* Use a 2-3" layer of mulch between the plants* Rice 
hulls, peanut hulls, rice straw, grass, sawdust, etc* 
all make good mulch* It'll keep sandy soils from 
drying out quickly and encourage earthworm activity 
(good for loosening up clays)* Mulching has many 
other benefits^ and we'll cover 'em all in Part vl. 

4* Keep animals^ machinery^ and feet off clayey soils 
when they're wet to avoid compaction* 

5* In poorly drained clayey soils plant crops on raised 
beds or ridoes during the high rainfall season* Plant- 
ing on the flat or in a furrow bottom is usually recom- 
mend e3nfor"^andy soils when moisture is likely to be 
short* 




II. 30IL_TI^Tg^ 

Tilth refersN^ a soil's physical condition* A soil in 
good tilth is easily worked^ crumbly^ and can readily take 
in water when dry* Xsoil in poor tilth is hard to work, 
cloddy, and absjDT v^en dry^ Tex^ureo organic 
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matter , and moisture conten c all influence tilth* Soil 
tiltih isn't static li>:e tc:^cure eithcri +-he tilth of a clay- 
ey soil changes markedly v*?.t;h moisture contents 

Tilth is mainly a problnm of clayey soils, though the 
overly loose condition of sandy soils inight be considered 
a poor tilth factor* 

>1DW TO^MAXNTftrTN-^OR IWP^^OV&.^IL TILTH 



Apply Organic flatter 

Organic matter is the big key to good tilth^ since it 
riTjf Ff^ up clayey soils and oinds together sandy soils* Prob* 
XeiT^ is that it takes regular additions (likoseveral times 
a year) of hefty rates to do much good* P*ew fatmet's have 
access to enough o.m. to cover anything more than a small 
area adequately. Slo% treatment is one way around this (p. 51). 

Limit Tillrige Operations 

Tillage can be good and bad for tilths Under favcrat>le 
moisture c ondition^s, p3ou*ing or hoeing breaks up clods into 
smaller aggregates and loosens soil for a more favorable 
seedbed. However, stirring and shearing the soil stimulates 
the microbial breakdown of o.m. Repeated machinery or animal 
traffic compacts the soil* Farmers using mechanised equipment 
* tend to overdo tillage (especially harrowing and rototllling). 

Type of Cro p 

Crops like cotton, tobacco, peanuts, potatoes^ and vegies 
require frequent cultivation and machinery traffic and also 
return a relatively small amount of crop residue to the 
soil* Soil tilth will suffer unless additional o#m. is 
supplied or a crop rotation used* Corn, sugarcane, sorghum, and 
rice are less harmful to soil tilth since they return more 
residues (unless burning is usc'i and usually require less 
seedbed preparation and cultivation* 

Putting land into temporary grass or grass-legume pasture 
will greatly improve tilth; however, the effects are likely 
to be short-lived in the tropics and may only last a year 
once land Is reverted to row crops again* Anyway^ few small 
farmers have this type of cropping flexibility (livestock are 
a costly and long term invest:«ent) * 
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III. SOIL WATER HOLDING CAPACITY 



How Soils Hold Water 

About half the soil's volume is pore space occupied by 
air and water* Soils hold water much like a sponge* If 
you soak a sponge in water and then lift it out, some of 
the water will drain off even if you don*t squeeze it* The 
same thing happens with soil after a rain or irrigation* 
Like the sponge, a good deal of water remains in soil 
after the excess has been drained off by gravity* The soil 
is now said to be s^t FIELD CAPACI7?Y, and the retained water 
is held in the form of films which are attracted and held 
to the surfaces of soil p^ticles (this, has nothing to do 
with negative charge^* ^ 

The catch is that only about HALF the water held at 
field capacity is actually available to plants; they'll 
wilt and die long before, the soil is completely dry* That'*s 
because much of the water is too strongly held to the soil 
particles for plant roots to utilize. As soil moisture gets 
used .up by roots and evaporation, the water films get thinner 
and the force of retention stronger* If more wat>^r isn't 
added, plant roots reach a point where they can no longer 
counter the force by which water is held by the soil EVEN 
THOUGH THE SOIL STILL CONTAINS ABOUT HALF THE WATER IT HAD 
AT FIELD CAPACITY* This is called the PERMANENT WILTING 
POlNTy and plants will die unless water is added* 

AVAILABLE WATER is that portion held between field 
capacity and the j^ermanent wilting point; 

^ ^Total Water ^ 



I 

Unavailable | Available 
water ' . water 
) 

t T 

Permanent Field 
Wilting Point Capacity 

How Soils Lose Water 

Soils lose water by plant transpiration ^ surface run* 
P i ^f f surface evaporation^ ana oralnage» Drainage ^gravity) 
removes only the surplus water held aEove fiel4 capacity* 
The rest is too tightly held by the soil particles to be 
drained off* 

Plant transpiration uses up lots of water; something like 
25-75 gals* of water Is transpired into the atmosphere for 
rvery pound of dry matter produced* 



23 



16 



Soil surface evaporation losses may sometimes equal 
transpiration losses in high rainfall regions and usually 
exceed transpiration losses in drier regions* All the 
more reason to use mulch whenever possible (see p»67)* 

Surface runoff losses are important on slopes, especially 
on clayey soils with low intake rates* One important side 
benefit of soil conservation measures like contour planting 
and terracing is that sloping fields retain more water for 
crop growth* Many Volunteers have reported crop yield in- 
creases due to soil conservation practices* 

tfow Soil Texture and Organic Matter 
Influence Water Holding Capacity 

Texture has a big influence on water holding capacity: 

Inches of Available Water 
Held per ft of SoU 



Sands 


0.25- 


0.75" 


Loamy Sands 


0. 75 - 


1.25" 


Sandy Loams 


1.00- 


1.50" 


Fine Sandy Loams 


1.50- 


1.75" 


Clay Loams 


1.75 - 


2.5'*^ 


Clay aid 


2.00- 


2.5" 



Humus (partially decomposed organic matter) increases 
water holding capacity, especially in sandy soils. . 

Now take a look below: 



Depth to which 3" of water 
will refill a soil to field 
capacity from permanent wilt- 
ing point. 
SANDY LOAN LOAM CLAY 



1 ft, 



2 ft, 



3 ft- 

4 ft 



2i 



1 ft. 

2 ft. 

3 ft. 

4 ft. 



■V 
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HOtf MUCH WATER DO PLAMTS NEED? HOW OFTEN? 



That depends on soil texture ^ ataqe of growth ^ rooting 
degUl, tawperaturq . relative hiMnicgty ^ and wlnS^ H«ra^s s 
basic guldelinifis: r ' ~ 



some 



1. Sandy dolls need nore frequent (about twice as often) 
but lighter waterings than clayey soils since they 
can store only about half as much water per foot of 
depth. 

2. The shallower the root systiMft or the sollf the more 
often watering Is needed. Tiny vegle soedllnga with 
roots only an Inch or so deep aay ne«Ki watering 1*^2 
times a day on a very sandy soil or once every 1*2* 
days on a clayey soil. As roots grow deeper, watering 
Intervals can be spji^ed out. However, well-^stabllshed 
Ifettiice or other naturally shallow rooted croPs will 
need more frequent (but lighter) waterings than field 
corn or o*:her d^eep rooted crops. 

l^oo tinQ Depths of Qrpps iff^e^ 
There ^3 no Barrier to Penetratloi^ ' 



(18-24^) 
Sh£Uou 

Broccoli 

Brussels sprci^ts 
Cabbage 
Cauliflower 
Celery 

Chinese cabbctge 

Garlic 

L-ettuce 

Onion 

Parsley 

Potato 

Radish 

Splnacli 

Sweet Corn 



(36-48'*) 
Moderately Deep 

Beans 

Beet 

Carrot 

Chard 

Cucutnfoer 

Sggplant 

Mi4Skmelon. 

Mustard 

Pea 

Pepper 

Squ ash , summer 

Turnip 

Rice 



(More than 48") 

Asparagtis 
Bean^ lima 
Parftnip 
Pumpkin 
Pi^ld corn 
Sorghum 
Squash , winter 
Sweat DO tato 
Tome to 
Watermelon 
Sugarcane 



3. Plant d«iTiand for water increases with growfth and reaches 
^ peak around flowering or fruiting tine (moisture 
stress at this time can really hurt yields). In warm 
weatheri^ most very young crops will use about 3^^!*** of 
water per week (sum of soil evaporation + plant trans- 
piration). Peak usage rates for old crops run around 
l^t-25a** a weelc, depending on crop type, temperature, 
wind, and relative humidity *(high wind, temper atuire, 

and low relative humidity raise crop water needs). 

4. Most common mistalce is to overwater young plants and 
underwater older ones. Shallow watering encourages a 
shallow root system; roots won*t penetrate into dry soil- 

A layer of watc^r 1" deep = 7 gal/m^. 
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Ovi&rwatering can cause drainage problem:^ /ond leaching losses 

nutrients like N. Fanners in low rain;fall,, irrigated 
areas will often pre-irrlgate the soil to full rootia^ dept^ 
before planting to avoid getting behind later in the season* 

4« Once roots are well established^ shoot for a watering ap- / 
plication of 1-2%* per Irrigation depending on soil tax- 
ture, plant ^iemand, and depth of rootltjig* 

How to Measure the Det>th tef Watering ; Use a l/2'» diajneter 
iron rod slightly tapered a-'c one end and about 2«4* long* 
Walt about a day after a rainfall or irrigation end push the 
rod into the soil; itUl penetrate readily til it striSces dry 
soil (unless there* s a hardp^)« ^ 

You can measure the asaount of Water app^ed by rainfall 
or sprlAlclfi^r Irrigation using a tin can or rain gauge« 
Amounts below a qu^Crter inch aren^t too useful since they 
can be quickly lost by evaporation from the upij^er soil sur- 
face* Keep accurate rainfall records i 

Deciding Vlhen to Wa^yy^ ; Don't wait for plant,s to shew, visible 
moisture stress signs* Wlltingi leaf rolling^ or iti some crops 
(like beans ). a blue-green color are all signs of water need 
and can cut yields i especially at flowering or pollination* 

A good guide is to apply water before o ne haulf of the 
root zone* s- available water has been used up« Plants take 
about 40% of their water needs from the top quarter of the 
root zone; once this top quartei; gets down n^ar 0^ available 
wateri it*ll soon be time to apply mor&« ^ You can estimate 
the percentage of available water by squeezing t^e soil in 
your hand and using the table in the Appendix Ip^ 152)* Don*t 
confuse this test with the texture test I 

A reasonably accurate mel:hod is to figure that most well 
established crops will use about 2 inches a week, will take 

7 gallons per square meter to apply 1 inch of water, i.e., 0.6 
gal/sq . ft , ] 



Vfm SOIL DRAINASS X , 

All major crops except rice need oxygeti from the soil 
so they can take in water and nutrients* A poorly drained 
soil Xacks enough oxygen in its pore spaces for good growth; • 
Drainage is the soil's ability to get rid of excess water 
(both surface and subsurface water), and is affected by 
topography! depths texture^ and hardpans« 

How to Spot -Drainage Proble ms 

1* Topography : Soils with a slope seldcwn iiave drainage 
problems; .flat soils or the depressions in unduXa:ting 
fields should be suspect* 
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2» Crop Appearance : Crops in poorly drained portions 
of a field will be noticeably shorter and yellower 
and have standing water ^around them for a day or more 
after a good rainfall or irrioation, 

3* Testing for Poor Drainag e: Diq a hole ,^-3 ft» docp 
and fill with water; allow to drain, and refill it 
again; the water level should drop at l^ast 1" every 
hour and disappear in 24 hours* Xf not", only shallow 
rooted crops are likely to grow we]l» 

4» Subscil Color as a Drainage Indicator : R e d ^ reddist)- ^ 
brown ^ and yglipw subsoil color usually means good 
drainage; it means that the soil's iron and manganese 
are in the oxidized form (i«e« oxygen is present)^ 
Cull greys and blues mean poor drainaqe* Some soils 
alternate between good an^ poor drainage (like wet 
soason vs» dry season); if so, the subsoil will have 
alternate streaks of bright and dull colors (called 
mottling ) • 

5. Hard pans can restrict drainage. 



^ Coping with Drainage Proble ms 

1. Surface drainage problems (i.e. standing water) can 
^ . often be cured by digging drainage . ditches or by 

land leveling to smooth out depressions. 

2. Subsurface drainage problems aren*t £is easily cured. 
Planting crops on rai sed- beds or midg es is a big help 
Subsurface tile drain systems are used in. the U.S. 
Sometimes deep tillage can break up a hardpan layer 
that impedes downward water movement. Sometimes rice 
is the only feasible crop where there are no drainagt^ 
remedies. . . 

3. If hard pan restricts drainage^ double digging or 
other form of deep tillage may t)e effective, though 
benefits may be temporary. 

ft 

Seed Boxes have Special Drainage Problems ,^ 

Shallow containers only, a few inches deep are used to 
start out some vegie seedlings that are to be transplanted. 
Unless you use a super coarse soil mixture^ drainage problem 
are likely. That' s because there's no suctipn force to aid 
in drawing water down once it reaches the bottom" of the con^ 
tainer. The same thing happens when you hang wet clothes 
on the line. If you use normal soil in a shallow container, 
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at the very least the bottom half will be too poorly drained 
for root growth; even the soil in the seed zone can remain 
so wet that germination is severely affected. We'll get 
into making a good container soil in Part III* 

f 



V. SOIL DEPTH 

There's Often a big difference between soil depth and 
useful soil depth. Compaction / hardpans , and poor drainage 
can all restrict root growth even on very deep soils. If 
you're working with a soil that's 6 ft. deep but the water 
table is only 3 ft. below the surface, you've barely got 
3 ft. of useful soil. High subsoil acidity can limit root 
growth too (see p*41) . 

Here's a semi-helpful depth classification: 

Depth 
(Topsoil + Subsoil) 

Peep soils 36" or more 

Mod* deep soils 20-36" 

Shallow soils 10-20" 

Very shallow less than 10** 

Of cours^j it makes a big difference what lies beneath 
(i#e# solid rock vs» gravel vs» porous limestone) in terms 
of drainage* 

Coping with Depth Problems 

On a smtill area* you can always add more soil to build 
up depth* If stuck with a very shallow soil, you* re usually 
better off growing shallow rooted crops (see table on 1^*17) 
Potatoes, onions, radish, cabbage, and lettuce are likely to 
cope with shallow soil better than field corh, tomatoes^ or 
okra* 

Remember that just because a crop is deep rooted doesn^t 
mean that its roots will grow deep (even in a deep soil)* 



VI* SLOPE AND EROSION CONTROL 

Slope is usually measured in terms of percent rather 
than degrees * Land with a iO% slope has a drop of 10 ft# 
for every 100 ft» of horizontal distance (or a 10 meter drop 
per '100 meters of horizontal distance)* A 100% slope has 
one foot of fall per one foot of horizontal, distance and 
equals 45 degrees* jgg 

BEST COPY AVAIIA^IH 



A field's slope ]ias a big eifnct on the amount of water 
runoff and soil erosion, in hiah rainfall aroas, soil con*, 
servation measures are needed once the slope get© over 1-2%. 
An unprotected soil with a -1^5% slope can easily lose 50 TONS 
of soil per acre yearly. Here^s some more scare figures; 

1. Doubling the slope increases erosicn losses bv 
150%. ^ 

^* J^^'^ii"? length of slope increases soil losses 

by 50% Uore chance for water flow to build up and 
gain speed)^ The soil transporting power of flowing 
water varies with the 6th power of its velocity. 



Soil t:ro5ion's Tol l 



1. carts away the best park oi the topsoii. The small« 
erst soil particles are the ones niost easily moyed, and 
that means the clay and humus particles that have so 
many nutrients and other benefits* The eroded 
material is usually 2-5 times richer in nutrients than 
the topsoil from which it came. 

2. It destroys productive crop and forest land through 
soil removal and gulley formation. 

3. It silts up rivers and streams and hydro-electric dams. 



How to Measure Soil Slope 

No need for a store-bought inclinometer; you can measure 
slope accurately enough using one of these 2 methodsi 

Method 1: Get hold of a carpenter »s string level ("nivel de 
pita" in Spanish) and hang it on a string at least 
100 inches long. 

Anchor one end of the string to the ground using 
a small stake; hold the other end of the string 
directly downslope from the string and raise it 
til the string level shows a level grade. 

Measure the vertical distance between the end of 
the level string and zhe ground. That gives you 
the vertical drop. Determine the slope % like so: 

% slope = Vertical drop (in inches or cms.) 

3;:ring length <in inches or cms*) 

It's really easy if the string is 100 inches long, 
because the vertical drop in inches equals the 
% slope directly. However, 100'* is too short for 
an accurate measurement unless the slope is very 
uniform and smooth. 200" would be better* Whether 
you use inches or centimeters, picking a round 
number makes division easierj^g 




Even if the slope is fairly 
uniforsi take several readings at 
different Xocations* 



Sample Problem: Suppose your string is 400 centimeters 

long (4 meters) and that you measure 
a vertical drop of 36 centimeters* The 
slope would be: 

% slope = 36 cms* <= 9 qo/ 
400 ens* 100 " 

Method 2 ; This one gives you. the slope in degrees which 

you'll then need to convert to percent, but it's 
still pretty easy* 

Grab a flat piece of board about 10-12" long, 
4-6" wide, and Jj-1" thick* Glue a 6" long 
plastic protractor to it like so; 




Bw AncShor a nail in the center of the protractor's 
fl^t iside* Suspend a thin string or thread 
from the nail and tie a small weight on the 
end so that it clears the degree quadrant 
and the board* Afix a nail at each end of the 

i bbard'^ topside to use as sights, and you're 

! ready* g . 
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C. You'll need 2 assistants. Stand face to 
face with one assistant and find what part 
of her/his body your eye meets, e.g. nose^ 
forehead. Send her/him directly upslope 
from you about 20 feet or so. Hold the 
slope indicator up to your eye. Aim it at 
your assistant. Align the nail sights at 
the same part of the assistant's body where 
your eye height had reached, e.g. nose, 
forehead. Assistant #^ then reads off the 
degree mark crossed by the hanging string* 




If the string rests on the 84^ mark, then 
the actual slope angle is C° (i.e. 90° - 
84° = 6°). Use the table on page 153 to 
convert degrees slope to percent slope* 



THE DYNAMIC DUO: Raindrop Splash and Surface Flow 

Before getting into soil conservation methods, it helps 
to know your enemy* Raindrop splash and surface flow are 
the culprits vrtien combined with soil slope* 

Raindrop Splash : Raindrops act like miniature bombs vrtiose 
Kammer-like action does several nasty things: 

1» It compacts the soil surface which reduces intake 
and increases run*-off of water* 

2» It breaks down clods and crumbs and moves the separ- 
ated particles by splash* 

_ 3» It keeps particles ia suspension which helps surface 

flQW cart them away» 

Raindrop splash is no big deal on flat ground as far as 
Q erosion J but when combined with .slope it*s bad news* 
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Surface Flow; One acre-inch of water weighs 113 tons* On 2-4% 
gentle slopes you* re more likely to see sheot erosion ^ a 
uniform removal of soil* As slope and rainfall increase, water 
flow tends to channelize and cause rill and qulley erosion 
(a rill is just a small mini-gulleyT# 

Most erosion control methods are geared to reducing 
surface flow- although there are ways of minimizing rain- 
drop splash (we'll cover both)* 



Is Slope the Only Factor in Erosion Susceptibility? 

Slope is definitely the biggie, but there are several 
other factors: 



1* Rainfall Amount and Intensity ; Intensity is mucfiPmore 
important than rainfall total, and the tropics are 
notorious for torrential cloudbursts* 

2* Amount of Ground Coye r (crop cover or mulch): Row crops 
leave much of the soil exposed, resulting in much more 
erosion than denser crops like small grains, sugarcane^ 
and ecpocially pasture* Take a look at the results of 
a trial run in Puerto Rico on 40% slopes and 80" yearly 

rainfall : < next page) 



Annual Soi i Losses 
Cropping Pattern in Tons per Acre 

Bare soil 126 tons 

Rotation (sweetpotatoes , 

corn, etc.) 17,5 

Sugarcane 7,5 

Pasture grass 1*2 

Mulching (see p*67) is another highly effective way of 
combatting raindrop splash. One study showed a 75% decrease in 
erosion from leaving 750 lbs. of straw per acre on the surface. 
Mulching also cuts down water runoff by preventing raindrop 
splash from compacting and sealing off the soil surface. 

3. Soil Tilth and Permeability ; Soil organic matter helps 
maintain a crumbl^-ke structure that resists being broken 
down by raindrop splash and also keeps soils more 
permeable. Sandy soils have lower erosion losses than 
clays since their large particles are more resistant to 
transport. They're also more permeable. 
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SOIL CONSERVATION METHODS 



Under small farmer conditions* there are 4 conservation 
methods of varying effectiveness (aside from mulching and 
crop rotation)* They all involve soil engineering: 



1« 



Contour CroDDina: This means running your plow furrows 
and crop rows on the contour instead of up and down* 
It*s most effective on 2-8% slopes not more than 300 
feet long and will reduce, soil losses by about 50%# 
On slopes' over &%p contour plowing by itself becomes 
increasingly less effective unless combine^ with a 
terracing or ditch-bank . system* 




2* Contour Stripcroppinq : Strips of dense crops such as 
grass and small grains are alternated wijh strips of 
row crops; it*s most effective on 2-i2% slopes less 
than 400 ft* lonq* 



3. contour Ditch & Barrier System: This SY^^^^^'/^ 

sonably effective up to slopes of 45%. Small ditches 
running on the contour are dug at intervals d^wj^J^®, 
Slope (the steeper the slope, the closer the ditches J. 
The excavated soil is placed on the dovmhill side ot 
the ditch to act as a dike. A foot^ide live barrier 
of coarse growing grass (elephant, guinea, etc.), 
pineapple, or sisal is planted just above the upper 
side of the ditch to aid in soil retention. *-^°P»,-, 
are planted on the contour. The ditches have a ^1* 
slope to aid water flow and lead to a grassed waterway. 
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4* Rock Walla ! .Soil conservation PCV's in El Salvador 
nave successfully used rock walls on hilly farmland 
that's full of rocks. The walls are built on the 
contour at intervals down the slope and collect soil 
that would otherwise be lost* Over time this system 
helps lessen slope as the soil piles up in front 
of the walls which are about lH^2 ft* wide and 3-4 
ft* high. t^^- 



Note that all 4 methods act to shorten slope length 
and therefore decrease water flow volume and velocity* They 
not only fight erosion but increase water intake by soil as 
well; this will boost crop yields in a dry year. 

All 4 methods also involve being able to mark out con- 
tour lineSf so let*s talk about that. 

HOW TO LAY OUT CONTOUR LINES 

There are several easy- to -make devices for laying out 
contour lines with the needed accuracy, but the A-frame is 
one of the best and easiest to make. 



How to Build & calibrate an A-Prame 




A* Build the A-frame as above using either lumber (lx2*s 
or 2x2*s) or poles cut frwn brush* Nails or twine 
can be used to hold it together* The cross-arm is 
placed about half-way up* The string with end weight 
should be hung from a nail placed midway in the juncture 
where the 2 legs meet* 
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B. Calibration; To find the level marJc on the cross-arm, 
choose a saTni«..level spot of ground and pound a couple 
€-6** stakes halfway into the soil at a distance equal 
to the spread of the A-frame*3 legs* Place the A- 
frame on the stakes and make a pencil mark where the 
plunA)*>line comes to rest« Then reverse the legs and 
make a 2nd metrk« The true level mark should be halfway 
in-between* To double check your calibrationt adjust 
the stakes so that the pluinb*line rests on the level 
mark; then reverse the A-frame^ and if tihe plumb-line 
returns to the level mark^ your calibration is 0K« 

C» Using a level instead of a Plumb-ling : You can use 
a string level or small carpenter's level instead of 
the plu^b-linej it*s quicker* Before tying the level 
to tiie center of the cross-arm^ make sure the A-frame 
legs are resting on level ground (i^e^ the plunO^^line 
should indicate level)* You may have to whittle away 
at the cross-arm to get the level positioned so that 
the bubble rests between the 2 cross hairs« 

How to Lav Out Contour Ditch-Banks with an A-Frame 

The contour ditch-bank system (ditch & barrier) can be 
easily layed out with an A-frame* Here's how; 

1* Measure the Field *s Slope : The spacing of the ditches 
depends on the slope* Determine the slo?)e and then 
use the table on p.l53tofind the coL-rect spacing* 



2* Stake Out the Ditch Intervals ; Start at the top of 
the field and proceed straight downslopa the distance 
indicated in the table* Suppose the slope is 30%? 
the interval between ditches would be 19* 8*% so 
the first ditch would be placed 19? 8" downslope from 
the top* Place a stake to mark the first ditch and 
continue downhill marking the location of the other 
ditches* If the slope noticeably chancjes^ you should 
measure the variations and adjust the ditch spacings 
according to the table. 
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Mark Out the Contour Ditch Lines Kith Stakes : You'll 
need lots of stakes y since they'll be spaced at intervals 
equal to the A-frame's leg span* Begin at the top or 
the bottom ditch location and plac« one of the A^^frame 
legs next to the master stake* Move the other leg up 
or downhill til the plumb-line reads level and pound 
in a stake at that point* You've Just started a con** 
tour line* Now move the A-frame so that the leg that 
rested next to the first master stake now rests next 
to the 2nd stake; move the stake-lestf leg up and down 
til the plumb-line marks level and pound in a third 
stake flush with that leg* Continue across the field 
repeating the process til you reach the end* Do the 
same fcr the other ditch locations* You can save stakes 
along the way by taking out every other stake once a 
contour line is wall established and using them farther 
along* 



Even Out Irregularities : You don't want to end up with 
ditches full of zigs and zags^ so try to smooth out 
any ragged portions by slightly altering the stakes* 
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5» Diaainq the Ditches : Begin by tracing out the ditch 
line with a hoe or animal drawn wooden plow to give 
you a guideline* A plow will save some digging* Be- 
gin by making the ditch, 12'* (30 cms#) wide and 12" 
deep like so: 




To prevent the ditches from eroding^ the sides should 
then be tapered like so: 




A live barrier (or use rocks) should be installed immedi- 
ately above the uphill side of the ditch to prevent 
soil from filling it in* A live barrier should be 
about 12** (30 cms*) wide; a close growing grass like 
eleph^t^ guinea, or jaragua works gi^atj so does pine- 
apple or sisal* 




\ 



6# Dikes or no Dikes? : Some experts recotomend building 
dikes every" 5 meters (16*) in the ditches to prevent 
excessive flow in the ditches* Others feel flow won*t 
be excessive if the ditches don*t slope more tha^^ 1%* 
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7. Hakino a Grasse<:^ Watarway ; it's unlikely that the 
ditches won't have runoff on the encs^ the runoff 
wat«r can do lofcs of damage unless it runs dov/i: an 
erosion-proof grassed waterway* Dense, ssml-short 
grasses like kikuyu, centipede, carpet, and Bermuda 
work well if you can keep them from spreading inito 
the field. 

Remeiiflber that crops are planted on the contour using 
the ditches as guidelines. It's a very effective system^ 
especially if the crops are grown on ridges or hilled-nip^ 
during the growing season to provide further <»rosion barriers • 
Always recalibrate an A-Prame on eacl), r*ew occasion you use it» 

How to Build a 1% SloTO into an A^Franae 

Many bulletins recommend that the contour ditches have a 
3s-l% slope to facilitate water movement so the ditches don*t 
overflow* Here's how to build in a 1% slope (don't go over 
that); 

1« Place the A-frajne on a level surface so the plumb-line 
rests on the level mark* Raise one leg up a distance 
equal to 1% of the leg-span (i«e# if legs are 72*' apartf 
1% would equal about 3/4")# Make a mark where the 
pXiimb-line rests, and draw a short arrow from the mark 
minting toward the unralsed leg* 



2« Return the A-frame to level and raise the other leg 
the same distance* Make another mark where /the plumb- 
lin^ rests, and draw another arrow pointing toward 
the unraised leg* 



Using the 1% Slope A^Prame ; The arrows refer to the direction 
in which the ditch will run downhill at 1% when the plurtb-Iine 
rests on the mark adjacent to it* When laying out a ditch line 
across the field alwaVs tiaa the game roarfe from start to finish 
Some bulletins reconmend running half the ditches one way and 
half the other to avoid overloading one waterwey* 

What about an A^fjraaie with carpenter's Ir^vcbl ; Best way to 
build a slope into It is to inalee one leg sh^^rter than the 
other by an amount equal to >s-i% of the jpan4> Draw an 
arrow on the* cross^Bar pi>intinS toward the longer leg; that's 
the direction in which the ditch will gently slope downhill* 

' - BEST 09FV MMim 
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SEEDBED PREPARATION 
Getting Crops Off to a Good Start 



THE WHAT AND WHY OF TILI.AGE 

Tillage is the use of implements to prepar^-l^d for 
planting and has 4 purposes: 

1« To break up clbds and loosen the soil to favor 
seed germination, seedling emergence, and roo^ 
growth* 

2* To chop up and/or bury the prevloi^^ cropts residues 
so they don't interfere with the new cr%p« 

3* To control weeds « 

4* To shape the kind of seedbed most suitable for me 
particular soil, climate, and crop (i«e« raised beds^ 
ridgeSf flat beds, etc«}« 

SOME COMMON TXi^AGE EQUIPMEHT 



Moldboard Plow : Depending on size and soil conditions. It 

penetrates 6-10'* an4 inverts the furrow 
slice it cuts through whi^h makes It very 
\ effective for burying weeds and residues* 

Both animal drawn and tractor drawn models 
are used* It*s used for the initial tillage 
operation, though bulky residues like com 
stalks have to h* cut up with a disk harrow 
firsts 



Disk Plow ; Better suited than the moldboard to hard, clayey, 
or sticky ground but doesn^t bury*residueo as 
. . effectively; handles rocky ground well; comes in 
tractor and animal drawn models* 

Wooden Plow: Designs go back many centuries; some, l?ave a 
metal tipf anintal drawn* The wooden plow 
doasn't invert the soil or bury residues 
but basically makes grooves through the soil; 
Effectiveness depends a lot on soil type and 
moisture content. \ 

Disk: Harrow : Usually used after plowing to smooth and pul- 
verize the soil; also used to chop up coarse 
residues before plowing* .Models having Scal- 
loped disks (cutaway disks) cut crop residues 
better and penetrate deeper* Large, heavy ^ 
duty versions (often called Rome plows) can 
sometimes substitute for plowing* Animal and 
tractor drawn disk harrows are available* Also 
used to. kill weeds immediately before planting* 

Rptotillers : They come in self --powered and tractor-drawn 

(and powered) models and thoroughly pulverize 
^ ^:he soil and handle crop residues; power re- 

quirement is high; heavy duty models aan be 
used for a once^over complete tillage Job. 

Hand Implementg : The hoe, shovel, turning fork, and rake 

do a highly effective job on small areast 
by using a double-digging system (see p*?4), 
you can even loosen the subsoil* 

A Quickie Way to^Sftimate the Amoimt*of Land 
. that can be Worked by Farm Equipment In a Day 

. •I 

Acres Per Hour » Speed (in m>p*h«) X widtii of ImPlemerffc (In Ft^) 

10 

Hectajres per Hour « Speed (kms*/hr,) X Width (in meters) 

12 



Example ; H<jw many acres/hr. crnvbe plowed by a tractor 

pulling a 3 disk plmT with a 42*' cut at 4 m*p*h? 

Acres/hr* li 4x3? ; » 1*4 .acres per hour 
10 

The formula includes a 20%^time allowance for turning at row 
ends* \ * 



•1# 88 ft* per minute «_J.^i!tjpT^ * ; 55 ft*yper minute or 17 
meters per minute « I km<^ per hour« / 
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— THE ABUSES OF KLLAGE AND HOW TO AVOID THEM 



Tillage can either enhance or destroy good soil tilth. 
Sure, plowing and harrowing break up clods and loosen up 
the topsoil, but the stirring and shearing action stimulate 
microbial breakdown of beneficial organic matter and may 
also pulverize the soil too much* Machinery, animal, and 
foot traffic compact soil under clayey and wet conditions* 

The 2 implements most likely to harm tilth are the 
disk harrbw and the rototiller i most fanners overdo it 
with the disk harrow by making repeated passes to suppress 
weeds or smooth the so^l* Harrowing kills one stand of 
weeds but encourages another by bringing more weed seeds 
closer to the surface where they can germinate (the supply 
of weed seeds is inexhaustible) • It*s very easy to over** 
pulverize the soil with a roto-tiller* 

The Ideal Seedbed ; The only part of the seedbed that needs 
to be reasonably clod free is the narrow row gqyie where the 
seeds are planted* Your^re better off keep'ing the spaces 
between the rows in a less worked, semi^-doddy condition 
it*ll discourage weed germination and help maintain tilth* 

In the past 15 years, minimum tillage systems Ilka/ plow- 
ing and planting in one operation have gained favor iri the 
States and Europe; one big side benefit is lowered machinery 
costs* 



MAKING 'mE_^IGHT SEEDBED FOR THE CROP, SOIL, AMD ^LIMATE 
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Seedbed Fineness j 

It's the type of seed that mainly determines how fine 
the row sone soil needs to be for good germination. 

Small vs» LaijOe JBeeds i Large seeds have more 'power than small 
ones, and mamy can handl^ a fairly rough seethed* Small seeds 
(i«e* cabbage, eggplant, turnip, etc*) are more delicate and 
need a finer seedbed for"" 2 reasons: 1* They don't have the 
strength to handle clods; 2* They require .very shallow plant*- 
ing (1/4-1/2**) and cloddy soil doesn't allpw this precision* 

Ptonocots vsa Dicots ;*^ Konocot seedlings (corn, sorghum, rice, 
wheat, oats, grasses^ onions, and garlic) break through the 
soil in the shape of a spike which lessei^s the need for a 
fine seedbeds Dicots (beans, peas, peanuts, and nearly all 
vegies) have much less clod handling powfer since they don't 
emerge as spikes* Large seed dicots don't need as fine a 
se^^dbevi as small seed ones* 



£nd Icnq narrow/ 
lei the long way. . 
Dicots have 2 ^eedleaves and broader leaves with veins 



•1, Wc^nccots have one cotyledon iseed leaf J 
leaves with che veins ruaninq paraJl 



in a feather type (pinnate) pattern* 
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Seedbed Shape 

The IdeaZ seedbed shape varies more with the climate 
and soil than with the crpp^ The common onea are: 

FliAT SEEDBEDS : Used whe):*e soil moistxire is adequate for 
crop growth and there are no drainage problems* It*s 
coimnon for corn, sorghum, and beans to be fiat planted and 
then hilled up with soil ac the season progresses* 

RAISED SEE DBEDS; In areas of high rainfall and/or poor 
drainage, crops ara usually planted on raised up beds or 
ridges to keep them froW getting "wet feet"* Ra&ied beds 
are ea^wi^lal when crop* are furrow irrigated* They're 
espe^^l^s^uited for vegie growing, since they keep the 
so>l looserund make for less bending over* Soil-borne 
dfsease proi^ems are less likely too* They can be used 
on sandy soiiiVor under low rainfall conditions, but some 
type of m^lchiT^a (see p* 67 ) is needed to cut moistuire 
losses. Yo^ can also vary the height of the beds to con* 
trol moisture retention (low beds for the dry season, high 
ones during che wet)* 




SimKEK SEEDBEDS : Und^ir low rainfall or sandy soil conditions, 
crops can be planned in slightly sunken beds or in the bottom 
of furrows where moisture is higher* Utader these conditions, 
shallow rooted crops like onions with frequent watering needs 
are grown in shallow basins a couple Inches below normal soil 
level* Field crops like com can be sown in the fxirrow bottom, 
and then soil from the ridges is thrown into the seed row 
for weed control* 




BEST rnPY AVAILABLE 



A WORD OF ADVICE : You'll find that local farmers have plenty 
of seedbed savvy, so beware of tampering with time-tested 
methods without first considering all the angles. 



SOME HANDY SEEDBED SKILLS 



How to Double Dig 

Double digging is a great way to deep till small areas of 
compacted soil, since At enables you to loosen up some of the 
denser subsoil too. It'll benefit deep-rooted crops like 
tomatoes, eggplant, pepper, beans, and squash more than shallow 
growing cirops like cabbage, radish, onions, garlic, and lettuce, 
You can double dig with just a shovel but a turning fork helps. 
Here's how. Doing it is the easiest way to understand. Get 
a shovel and follow these instructions on a 4 ft. x 4 f t , plot. 

1# Divide the plot in half and mark the centerline* 
Start by digging a 2 ft# wide trench down to the 
depth of* the shovel bladei running from 6ne comer 
of the plot to the middle* Pile the soil just outside 
the plot and near the centerline (it*li be used to 
fill in the final trench 

2« If availablei spread an inch or t%#o layer of compost 
or manure over the undug portion of the plot* 

3« Use the shovel or a turning fork (better) to loosen 
up (not invert) the soil in the trench bottom* 

4« Push into the trench bottom the compost or manure \ 
that*s on top of the next 2 ft. strip and then work^ 
it into the loosened subsoil . 

5» Dig the next 2 ft* strip and invert the soil into 
the first trench to fill it up* Then treat the 
2nd strip as per steps 3 and 4« 

6# Continue on around the entire plot; the final trench 
will be adjacftnt to the first one but on the other 
side of the centerline; it»s filled with the soil 
you dumped outside the plot in step I« 

The compost and manure help condition and enrich the 
subsoil* Try to avoid mixing the subsoil wlth^the topsoil* 

How to _Cope with Soil Crusting Prpblemff . 

Some soils high in clay or silt and in poor tilth tend 
to form a cement like crust at the surface after rain or 
watering; it can seriously affect seedling emergence^ 
especially the blunt dicot seedlings (see p«32)« Using a 
post--planting mulch over the seed row helps a lot* ^t 
absorbs raindrop splash and keeps the soil siurface moisf^l 
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•1,' A healthy soil organic mat^ter content is the best defense 
against crusting;, compost and ma^^e ar« a big help* 
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and less crusty* A "grow through" mulch like sawdust or 
rice hulls is best* Straw or grass can be used but if 
not removed as soon as seedlings start emerging, they'll 
quickly become leggy and prone to d^ping-off dlseaae* 

How to Make Vd a Seedbox Soil Mix 

Straight soil by itself Just doesn't cut It as a plant- 
ing medium for seedbexes* When confined In a shallow con- 
tainer, it's usually too poorly drained- gravity isn't strong 
enough to pull the excess moisture out (see p*19)« Here 
are a few recipes for seedbox soil mixes used for growing 
transplants! (all mixes except #4 need heat or form^dehyde 
sterilization to prevent damping off disease)* 

1* 1:1:1 Sand-Soil-Compost* Modify the ratio to 
Suit the soil you're using (if already sandy, 
use less sand)* 

2* A 2ii rice hullstsoil mix* One advantage is it*s 
light weight, but it may dry out quickly* 

3^ A 1:3 sand-compost mix* Rotted coconut husk fibers 
rtin through a 1/4** mesh screen make a great compost* 

4* You can make an excellent mix called Peatlite if 
sphagniim peatmoss and vermiculite (made from heat 
popped mica) are^ available at a reasonable price: 

2 gals* sphagnum peatmoss (shredded) 

2 gals« horticultural verrolculi'lbe 
(#2 grade - semi-coarse) 

D^oz* dolomitic limestone (conialris both 

calcium and magnesium); Vi oz* « Z^i tbs* 

2 teaspoonfuls of superphosphate (0*^20-0) 

4 tablespoons^(l/4 cup) 5-10-5 fertillzer*2 
or equivalent* 

The mix contains enough nutrients for 6 weeks 
(should be plenty of time) except ma^e N •B* 



*1* Refers to level teaspoonfuls and tablespoonfuls; 1 level 
tsp* « 5 c*c*; 1 level tbs* >* 15 c*c* 

•2* Use a 1:2:1 ratio fertilizer if possible; 4 tbs* 5-10-5 
^ 5tsps*of 12-24-12. A l:2t2 fertilizer like 10-20-20 
is more likely to cause burning unless you cut the rate 
back a third or so* 

•3o If plants start to yellow fr<Mii N deficiency (due to 
leaching losses), water *em with a solution of 1 tbs* 
Q ammonium sulfate ilH tsps* urea) per gal* of water; 

FRir wash off leaves with plain water afterwards; one applica- 

tioR should do it* 44 
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PART XV 

S OWS PiPORTAKT SOUi FERTILITY BASICS 



For roost PCV*s, fertilizer use is one of the more eso- 
teric aspects of the ag scene. How and when do you apply 
th«n? How much and vt^at kind? What about the cnemic^ vs* 
organic controversy? We* 11 try to cover it all in the next 
few chapters, but first on to some Important soil fertility 
basies • 



HOW PLAMT5 GROW 

Plants grow by enlarging their cells and developing new 
ones at their shoot and root tips* Growth requires sugars 
and proteins* Sugars are made in the green cells by photo- 
s^theslg when carbon dioxide from the air combines with 
water from the soil with the aid of sunlloht and ehf^oyephvll 
(the green pigment in plants)* 

Sugars are used for energy and to make cellulose (for 
cell walls) and starch (food storage)* Protelne are formed 
by combining sugar and nitrogen and are used to "make proto- 
plasm (a vital part^of cell fluid). 

Role of the Plant Wutrlents : T»te plant mineral nutrients are 
supplied by the soil and fertilisers^ they're absorbed through 
the root hairs (tiny delicate protrusions fr«n the root sur- 
faeeJ in the form of ions (molecules with a plus or minus 
charge)* Some, like potassium and »agnesium» are needed for 
sugar formation, while nitrogen is an essential Ingredient 
of protein* 
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AVAILABLE vs» UNAVAILABLE FORMS OF KUTRIEWTS 

Aside from water^ ox^^gen^ and CO^^ plants need s<HAe 
14 other nutrients t NITROGEN, PHOSPHORUS, POTASSIUM, CaL* 
CIUM, MAGNESIUM, SULFUR, IRON, MANGANESE. COPPER, ZiNC, 
BORON, MOLYBDENUM, SODIUM, AND CHLORINE (these last two 
are rarely deficien1t)# 

Each of these mineral nutrients occurs in both avail- 
able and unavailable forms in the soil* Only (rJi>out 1-2% 
of a soil's potassium Is actually ai^ailable to plants! iDOst 
of the other 98*99% is tied up as part of rock fragments 
and clay particles and is very slowly released by weather- 
ing; some potassium is temporarily trapped between the 
plate-like xjmits that make up clay particles* 

Likewise, only about 1-2% of a soil's nitrogen is 
readily usable by plants* The rest is in the organic form 
which is unavailable until it*s been mineralized into 
amiiK>nium or nitrate by soil microbes (see p# 7 )• 

The same goes for each of the other nutrients in vary- 
ing degrees, depending on soil conditions* Soil pH (acidity 
or alkalinity) has a big effect on nutrient availability* 
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THE NUTRIENT HOLDING ABILITV OF A SOIL: Why it's Important 

Some soils are much more prone to losing nutrienfs by 
leaching (downward movement of water) than othersf leaching 
losses v^y with a soil's texture and negative charge » Sandy 
^QlAa are very susceptible to leaching losses oecause water 
passes through them quickly^ and they have a low negative 
charge due to their lack of clay and humus particles (see 
p« 3 K Even clayey soils vary a lot in leaching potential 
since Clay type and humus content determine the amount of 
negative cheurge* l^eaching also varies directly with the 
amount of rainfall* 

How Negative Charge Helps Hold Nutrients 

Remember that the available forms of the nutrients exi: 
as ^ons (molecules with a plus or minus charge)* Vtiat nea 
that the plus ( + ) charged ions (called cations) such as 
K+ (potassium), Ca** (calcium), and Mg**( magnesium) are 
attracted and held to the negatively charged and humus 

particlesf this helps keep them from leaching* Just like a magnet* 

The negatively charged nutrient ions (called anions) 
like NO3 (nitrate nitrogen) and S0| (sulfate) dxen»t so 
lucky* Since li'^ce charges repel, they •re not held by the 
clay and humus particles and float around in the soil water* 

That's why-neqatively Glia3?9ecl nutrients are mich niore easily 
lost by Inachinq than plus charged ones. 
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Here*s some common plant nutrients and their leaching 
susceptibility: 



^ Charged Nutrients (Cations) 
(fairly reai stant to leaching) 



- Charged Nutrients (Anions) 
(easily lost by leaching) 



Nitrate nitrogen (MOj*) 
Sulfate <S04=) 



Ammonium nitrogen (NH^ ) 
Potassium (K +) 
Calcium (Ca++) 

(leaching losses of K can be a problem 
on sandy soils or under heavy rainfall) 



Magnesiw (Mg**'**') 



What altout Phogphoryy?: It*s an exceptioni: although it's 
available forms have a minus charge^ it hardly moves at all 
in the soil since it easily forms insoluble compounds with 
Iron^ aluminum^ and calcium. Sure^ it keeps phosphorus 
from leaching^ but also keeps it from plants^ This "tie-up*' 
is called BhosPhorus flacation and can be a serious problem 
on many soils# How you apply fertilizer phosphorus makes a 
big difference in how much gets used (we* 11 get into that 
later )# DON*T confuse P fixation with nitrogen fixation 
(the conversion of atmospheric N into usable forms by 
Rhigobla bacteria that form nodules on the roots of legumes^ 
see p# 7 )♦ 



The Exchange Cagacit:yL-Pf a Soil (Only the Soil's Lab Knows 

for sure) 

The exchange capacity of a soil (also called cation ex- 
change capacity or C#E.C.) is a measure of its naa&tive 
charge or the amount of plus charged nutrionts it can hold 
against leaching # 

The C.E.C. depends on the cla y and humus content of the 
soil^ since they* re the only two components with a minus 
charge* Soils vdth a low C.E.C. have poor nutrient holding 
ability* Even soils with the same texture can vary greatly 
in C«E«C. due to differences in h\imus content and the type 
of clay they contain* Compare the variation in C.E#C# between 
humus and clay typess 

C»E»C» 

Humus 150--200 

Common temperate type i5«*io6 
clays * 

* 1 

Common tropical clays 2^15 

The table on the next page shows the great variation 
"In exchange capacity among soils of the same texture* 



*1# Remember that both temperate and tropical clay types 
Q are found in the tropics and subtropical See p« 3# 

ERJC 47 



40 



soil ««m» t,ftt T9Pff9L 

Hilo clRy (Hawaii) ®^ 
Cecil clay (Alabama) ^•^ 
Susquehaima clay {Alabama) 34.2 

Greenville sandy l^am (Alabama) 2.3 
Colraa sandy loam (California) 17.1 

Don.t worry about what the actual 
?S^eSjrt'^:«--cf g ^ml^Sled iJ tL„3 o. ^lli--c^va. 
lents of cation, per 100 grams of soil). 

.... ...... Clarification: 

potassium are ft^ld bV uIA y JJ^^J^"* iSt is thkt deipitrtT^K^ 
Mailable to plant "<>tj. ^^^^^JJif J^e le^jj^ of plus 

of tine trying to get all J^^^ifJ^h^ Sthecii th.t .««ly 

some nutclente l?*«'>v?''*4.E!S ciivev »oll» (••peelally of 

soils have more l"=^t^9 „li?^t 

^tS-J^.f ISlowertr.* eUrinf^.'(e.pe=ielly of the 

plus charged nutrients). ^4,^,^^ nttro- 

Vou c«> greetiy cut IS;*iS|„iS"4p?5 trii'ir^-S^^ 

gen by knowing when and how often app J 

iKSt farther on. 

-« HOW --""^ 

SO.XS - -;;?43«-5sf jH°lc'a?l^=n.:;f ^^oflNrii^^ 

is measured ip pH . unlM . me P" J j^^^ in 

acidity) to 14 so i"h ex^eSS. from 4.0 to 9.0. 

the range of 5.0- 7.S or so ^t^^ , 
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hr-^ !. .n f:::-! .|»A-3{.t|rif^hj.iightUdi4^^' j 

^ 1 --=^^^VSSrl?'a;et2) 



Acidity is caus'S^d by hyc:^;^en ions (K^), and alkalinity 
is caused by hydroxyl ions '0 ^*5 • A pH of 7»0 is neutre^l ^ 
mc-aning that the ions ^nst balance out the OH-- ions* 
As pH drops >elow 7«0, the ions begin to outniuniber the 
OH- Ions, ar*d acidity tncre^s<^B0 

An important point 1 : The pH scale is logarithmic * meaning 
that a soli with a pH pf 4*0 is 10 times more acid than one 
with a pH of 5*0 and IQQ timeis more acid than a soil with 
a pH of 5»0# Likewise^ a pH of 8»5 is IQ times mori^ alkaline 
than a pH of 7»5 but 10 times less alkaline than a pH of 9»5» 
A pH of 3*9 is 1000 times more acid than a pH of 6*9 • 



Soils Vary in pK? 

Climate, amount of leaching, parent rock, and farming 
practices all affect soil pH« 

1« CLIMATE & LEACHING : As th.e chart on the previous page 
points out, soils of wet climates are likely to be on 
the acid side* That's because a good deal of calcixim 
and magnesiuw (the principal bases in the soil) have 
been leached out over time by rainfall* It's a slow 
process, since these two bases have a plus charge and 
are held by clay and h\imu& particles* HoweveCi the 
acid forming ions produced by the breakdown of organic 
matter and acid rocks can b\imp the adsorbed (adhered) 
calcium and magnesium off the clay ana humus particles 
back into the soil water where they can be leached* 
As ions gradually replace the bases on the clay and 
humus, the soil becomes more acid* 

In contrast to humid region soils, those of arid or 
semi-arid regions are likely to be alkaline or only 
slightly acid* niat*s because there's less leaching 
under low rainfall so calcium and magnesium levels are 
higher* 

Dry region soils aren't always basic, since parenl^ 
rock and farming practices can modify the influence of 
climate* Wet region soils aren't always acid, either, 
but they tend to be* 

2* PARENT ROCK : Soils formed from basic rocks like limestone 
and basalt tend to be less acid vor more basic) than those 
formed from acidic rocks like granite and sandstone; how- 
ever, even soils formed from limestone may be acid If leabh^ 
Ing has been intense* 

3* FARMING PRACTICES : Liming the soil will lessen acidity (raise 
the pK3» Manure, most compost;:,, and many chemical fertilizers 
will increase soil acidity if used over a period of years* 
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VPiv worry about pH Anw&v? 



Soil pK can hava a big effect on crop yields. Most 
crops grow ^at within a pH rancje of SyS*'?^^ (moderately 
acid to slightly alkaline or basic); a pH of around 6.3 
or so is ideal for a^ost. Some crops like ^weetpotatoes » 
potatoes^ coffee^ pineapple^ waterneXonf an<i rice are 
more tolerailt of greater acidity. 

Kow Soil vH Affe^s Crop fields 

1. The tie-^up of phosphorus is greatly affected by pH. 
P is most available to plants within a pH range of 
about 6.0^7.0. As pH falls below 6. Or increasing 
amounts of P get tied up in insoluble compounds 
with iron, aluminum, and manganese. Above pH 7.0 
r starts forming insoluble compounds with calcium 
and magnesium. Because calcium and magnesium exist 
in much larger quantities, they remain available. 

2o Micronutr^rentp ; pH has a big effect on the avail* 
ability of micronutrleints (see p. 4?). Except for 
tr,oXybdenum t the other micronutrients (Ironi manganesef 
copper 5 zinc,, and boron) become increasingly less 
available as acidity decreases and alkalinity increases 
Iron and mancanesc are the most affected and can some- 
tx:iies become deficient at pH*s as low as 6*5. 

The chart below gives a good visual idea of the 
effect of pH on nutrient availabiliry ^ etc.: 







bacteria^nltrogan J 
ealcium & magnesium 








— ■ phosphorus — 




^ manqandfie - 




U=— 

1 jio^Ybdenum 




L boron 


1 


\ t t J 1 


1 



pH 4.0 5»0 6.0 7«0 8.G 9.0 



BEST COPY rv" '^ 
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3, Very Acid Solip can be Toxic to Plar.ts! Alumlnuift 

and maaoanese pecome more soiuDie as acidity increases 
and can actually become toxic to plant roots at pH*s 
below 5 .0-5 .5 (varies with the soil). 

Am, Beneficial soli microbes i Most can*t thrive In very 
acid soils, and this slows down the conversion of 
the unavailable organic forms of nitrogen, phosphorusi 
and sulftir to the available mineral (inorganic) form* 

5. Salinity and Alkali Problems ! very high pH»» (8.0 and 
up) usually indicate salinity aad/or alkali problems* 
They're almost entirely confined to arid or semi-arid 
areas, especially In irrigated soils* Both g ffdlum and 
other salts are toxic at high levels! ^*11 cover, 
saline and alkali soil problems on up* 143^149* 



How Do You Measure Soil pH? 

The soils lab determines pH as a routine part of soil 
testing* You can make fairly acctirate readings right in 
the field using a color sensitive liquid indicator kit 
or a portable electric tester* Read the instructions 
carefully . 

When measuring pH in the field, be stire to take separate 
readlhgs for topsoll and subsoil - they *re usually different* 
Very acid subsoils can prevent full root growth* 

CAUTION I Portable soil pH test kits are handy for trouble 



shooting soil pH problems, but they don*t tell 
you how much lime is needed to treat excessive- 
ly acid soils* That varies a lot with the 
soil's texture and exchange capacity* Only 
a reliable soil testing lab knows for stire* 
Overlimlng a soil can be worse than not liming 
at all* we*ll cover liming in Parts * 



How DO You C hance Soil pH? 

Llitting will lessen soil acidity and JQBLiat pH* Llme- 
atftni* (calcium carbonate), dolomltic limestone (comblnatloa 
of calcium & magnesium carbi^tes), and burned lime (cal- 
cium oxide) are common liming materials* G^Efiam (calcium 
sulfate) and sulfur are c<xnmonly used to lower pH* 
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PIPORTAWT FACTS ON THE PLANT NUTRIENTS 

ThB plant nutrients fall into two broad groups: MACRO- 
NUTRIENTS and MICRONUTRIENTS: 

MACRONUTRIENTS 
Priaary Maeroautrlgntp Secondary Maeronutrlents 

NITROGEN (N) CALCIUM (C«) 

PHOSPHORUS (P) MAGNESIUM (Hg) 

POTASSIUM CK) SULFUR (S) 

MICRONUTRIENTS 
. IRON (Fe) ZINC (Zn) 

MANGANESE (Mn) BORON. (B) 
COPPER (Cu) MOLYBDENUM (M6} 

Macro- va* Mlcrontjtrients 

MACRONUTRIENTS make up about 99% Of a plaht*8 diet* 
Nf Pt and K account for about 60% and are definitely the 
BIG 3 Of soil fertility in terms of quantity and likelihood 
Of deficiency* 

That doesn't mean that the secondary macronutrients or 
the micronutrients are any less essential; although their 
deficiencies aren*t as common, ^ey can hnve just as serious 
an effect on crop yields* 

As shown below, the roicronutri'ents i|ica used in much 
smallei^ amounts than the macronutrients: 

■^imt of N titrlenfcs Taken Up bv a 

100 Bushe^ Yield of Shelled Com (5600 lbs*) 



Mac r orut r lent 6 




Mleronutrientfi 


£^ 


Nitrogen 


157 


Iron 


4*2 


Phosphorus (P2O5} 


60 


Manganese 


1*9 


Potassium (K2O) 


124 


Zinc 


0*30 


Calcium 


29 


Copper 


0*07. 


Magnesium 


25 


Boron 


0*07 


Sulfur 

/■ 


17 


Molybdenum 


0*0075 
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Tle^up^f A<l<Sed Fertilis er _Ph csphoru5 

Only about 5-20* of the fertilizer P you apply will 
be available to the crop* The test becone^ "fixed" (tied- 
up) as insoluble compounds* Vot all this tied-up P is 
lost forever; depending on the soil, anywhere from a little 
to a lot will slowly become a^^ailable to future crops; 
high and low soil pH'a increar>e the amount and permaxwnce, 
of P fixation; the clay type ;,s Important too; some hydrous 
oxide clays of the tropics c&Ji rie^up 99%^ of the added 
P unless unb'^lie^ably high raf:es are applied* 

APDljLcatlon Method is Vitally Important: The application 
method you use will largely determine how much of the 
added P gets tied up, especially when using small to medium 
amounts (that^s all your farmer clients can afford) and 
working with high tie-up soils* See pp* 78-79* 

PhoanHorus Ddesn^t Leach 

P is virtually immobile except in extremely sandy soils* 
Many farmers and PCV's place fertilizer P way tooshallowf 
and very little ever gets to the roots* See p* 79^ 

POTASSIUM (K) 

K promotes starch and sugar formation* root growth* dis- 
ease resistance, stalk strength, and general plant vigor* 
Starch and sugar crops like sugarcane, potatoes^ cassava 
(manioc, yuca), sweetpotatoes , and bananas have relatively 
high K needs* Corn, sorghum, rice, and other grasses artt 
more efficient K extractors than most broadleaf crops* 

Volcanic Soils Usually High in K ; Most volcanic soils tend 
to have good K contents* Many Central American soils fall 
into this category and iran*t give economical responses to 
K except ^with starch and sugar crops or after years of 
heavy cropping* Only the soils lab can tell for sure* 

Available vs> Unavailable K 

Only about 1-2% of a soilM total K is in the available 
form (see p*.37}« Some soils have a high enough K tie-up 
ability to cause problems | but this is confined to a minority 
of temperate type clays* 

Leaching Losses are Usually Mi : ^ip^ 

The available form of K ha3 a plus charge* so leaching 
losses aren^t serious except on sandy soils or high rainfall 
conditions on low C*E*C* soils» 



" lapcury Consuiitt)ti9n *'i Plants hcive a tendency to take up 
more K than they need^ especially if other nutrients aren*t 



in balance* Some agronomists feel that this is definitely 
a problem with pasture grasses where high K can lower 
magnesium intake enough to cause deficiencies in both 
the crop and livestock* 



THE SECONDARY MACROMUTRIENTS (Ca, Mg, S) 



CALCIUW 

Calcium is not only an Important plant nutrient but 
is also used as a liming- material to raise soil pH (lessen 
acidity)* it takes large amounts to iraise pH compared to 
those needed for plant nutrition* Even very acid s^iXs 
usually have enough calcium as far as plant needs, but soil 
pH may be too low for good growth* The available form of 
calci\im has a plus charge and leaches slowly* 

MAGNESIUM 

^ Magnesium deficiencies are nost likely to occur in 
sandy, ac Id soils (usually below pH 5*5)* Like calcium, 
it*s r^elatively resistant to leaching* " '^'^V 

The Calcium-Maqnesium Ratio : If there's too much Ca relative 
to Mg In the soll«. some crops will develop Mg deficiencies 
even though, the soil appears to hav^ enough* This ift^jmlly l3 
iior# a problem on sandy soils with low exchange capacity 
idiere If s easy to upset the Nutrient ratios* When liming 
a soil» lt*fi a good idea to use dolomitic limeatone (a 50->50 
mix of calcium and magnesityn carbonates)* 



Potwsium Ihduced Mq DeficiencieB r (see top of page) 

SULFUR 

Sulfur is needed for protein synthesis and by the Rhiso* 
bia bacteria that fix M for l«gumes* It forms part of sever- 
al vitamins and is also used in oil formation* 

Cabbage family (crucifer family) crops like cabbage, 
turnip, radish, mustard, broccoli, etc* , and onions and 
asparagus have very high S requirements; tobacco^ cottoni 
and legumes use a lot of S too* 

Where to Suspect Deflciencieg ; They* re no§ very common 
but most likely to occur in coarse textured soils under 
high rainfall uherQ leaching has been hi^h* Many volcanic 
soils tend to be low in S» Farmland near industrial areas 
usually receives enough S from the air* I Continued use of 
low sulfur types of fertilizers may lead^^ to deficiencies 
(see p* 76 } # 
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Leaching Losses of Sulfur : The available form of sulfur Is 
the S04» Ion i^ich Is readily leachetiUl, especially In sandy 
soils or tmder high rainfall* A good part of the soil's 
sulfur Is In the oroanlc forn which microbes convert to 
the available mineral form* This Is an Important reservoir 
of sulftir, since organic S doesnft leach* 

Work has shown that appreciable amounts of sulfur can 
be retained against leaching In subsoils high In tropical 
type clays J this sulfur Is available once the roots reach 
It* (See pp* 3-4) 



THE MICRONUTRISNTS 

The mlcronutrlents perform many vital fanctlons but a^e 
needed In super small amounts (see table on p*43>* ' The 
difference between toaclc and daficj.enfc levels Is often 
small* As little as 1 ounce of mol^denum per acre might 
cure a deficiency for several yearsi but 3-4 lbs* might 
severely injure plants* Boron Is another touchy one* 

l£2a» n^yiqanegft, cppp^p, gfnp* molybdenum, and boron 
are the Important mlcrOnutrlettes^ sodium and chlorine are 
sometimes Included but are rarely aeflcient* " 

Prevalence of Deficiencies : They're much l^s common thao 
macronutrlent deficiencies but can be sej^lous irtien they occtir* 

Where to Suspect oeflcleitolgg 

1* Highly leached^ acid , sandy soils* 
2* Peat soils* 

3* Soil pH*8 above 7*0 (see p*4l)* 

4^ Intensively cropped soils fertilized with macro* 
nutrients only* 

VegleSf legumaSf and tree crops are more subject to 
mlcronutrient deficiencies than grasses and grain crops; 
SQgQhura , however^ Is very sensitive to Iron deficiencies* 

Mlcronutrient Toxicities : Iron and manganese may become 
toxic to plants In very acid soils (below pH 5*0«*5«5)* 
Poor aeration and drainage Increase severity* 

CQgrectlna Deficiencies or Toxicities ' 

1* A d j usting oH : Molvbdenua deficiencies can often be 
more effectively corrected by. raising soil pH if 
very acid^ Raising pH^s^ot^t the only way to 
correct Irron and m ^oanege toxicities (alxuninum too)* 

2* Soil applicaliions of ndcroniitrlents s The effectlve- 
ness of soil applications varies; iron and manganese 
are very readily tied up when soil applied* Special 
chelated forms are-much less subject to tie-up* 



3« Foliar Appllcatlona : Since such small amounts are 
needftdf spraying the plants is practical and also 
avoids soli tle-^up problems./ Usual Iyi several appll-- 
cations are needed. In sonue cases » common fungicides 
like Haneb (contains manganese)t Zlneb (contains 
slnc)t and Cupravit (contains copper) are used to 
supply mlcronutrlents to vegle and orchard crops 
in conjunction with fungus disease control. 
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DETEftMINiNG FERTILIZER NEEDS 



The amount of nutrients different crops must absorb 
from the soil to reach a given yield is fairly well knoim. 
So why not just add what's needed? 

1. You need to know what share of the nutrients your 
soil can supply* 

2. A plant's ability to recover nutrients from aqpplied 
fertilizer depends on: 

a* Type of cjc'op* 

b* The particular soil's capacity to tie up 
different nutrients* \^ 

c. Weather conditions (5Unlight,\rainfallj temper- 
ature), reaching losses, and soil physical fac- 
tors like poor drainage and ccMnp»:tion| insect 
and disease problems too* \ 



'*Rose Fertilizer"? "TomatQ Fartllizer"? Wo Wavl ; xThink 
back to your typical Stateside garden shop* Reraembers^h ose 
boxes of fertilizer labelled "TOMATO PERTILIZER" , "ROSExPER- 
TILIZER", etc? There's really no such thing. Sure, 
we know that starch and sugar crops have higher potassium ^ 
needs than otherst but your soil's K level might already be 
high enough so that little or none is needed* Soils vary 
so much in fertility that no one fertiliaer could possibly , 
be the right kind for all types of soils, even for one type 
of crop* 

On a small garden plot, ycu can usually get away with 
being general; but vhen it ccmes to the larger scale 
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conmercial crops, your farmers shouldn't be wptstlng their 
money on fertilizers whose nutrient cont<^nts m^iy b« nrossly 

inappropriate for thrir soi 1 . z**^ 

So What *s the Answer? : Here are 5 basic methods that can 
give a fairly good idea of fertilizer needs on a particular 
soilt 

!• Soil testing, preferably by a reliable soil lab 
rather than a do-^it-yourself kit* 

2« Plant tissue testing* 

3* Fertilizer trials* 

4* Spotting visual »»hunger signs** in crops* 
5* An educated **guestimate*'* 

Soil testing is the most accural:* but should be supple- 
mented by one or more of the other methods for beBt results* 



SOIL TESTIW3 

Hopefully, your country has one or more soil testing 
labs run by the ministry of dg or private outfits; here's 
what you can expect from sending iii soil samples: 



Most labs routinely test for available P and K 
and measure soil pH and exchange capacity (see 
38)* Most usually don*t test for available 
since results are often dubious (see below)* 



b* Many will be able to test for the secondary macro- 
nutrients (Ca, Kg, S) and some mlcronutrients* Tests 
for most of the mlcronutrients and sulfur are of 
varying rellabilityi depending on the sophistication 
of the equipment* 

c* TheyUl usually be able to tell you how much lime 
your soil needs If lt*s ove^rly acid; most can test 
the salinity and alkali haZfird of the soil and irrl*-' 
gation water (most common in arid or seml^arld areas)* 

d» At the very least, the lab will give you an I^P*K 
application recommendation for tl^e crop and maybe 
Include other nutrients* T!ie better labs will tailor 
the recommendation to more or less suit the particular 
farmer *s capital and manageoient situation (you supply 
this info on the Aheet accompanying the sample )• 

Soil Tests Vary m Accuracy 

As you've already guessed from the above, soil tests vary 
in reliabllltyt 

a* gnproper Sampling is prc^ably the biggest culprit* 
The hai£ a pound or so of soil you send in may repre* 
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^ sent up to 15*000 TOKS of soil and is supposed to 

be a composite sampl^ made up of 10-20 sub*-s«iKiples 
taken over an area that*s similar in color, texture, 
topography, and past management (they all affect fer- 
tility}« Many fanners and PCV*s aren't taklttg samples 
correctly* we* 11 get to this below* 

b« In order to make reasonably accurate fertilizer recom- 
mendations, the lab has to make numerous field and green* 
house trials on the soils involved to correlate test 
results with actual crop responses to fertilizers! 
some countries are way ahead of others in this< 

c« Hicronutrient tests aren't routinely run by most 

labs and they vary in accuracy^. The test for available 
nitrogen is more of a guestitta^^e| since the amount of 
N a soil releases from the organic form during a crop's 
growth depends on temperature and moisture conditions 
which affect microbial activity* 

d« Even if tests were 100% accurate and you followed 
the results, the crop might still suffer from a 
deficiency due to excessively hot, cold, wet, or 
dry weather, etc« which can slew nutrient uptake* 

Still, soil testing by a reliable lab is Invaluable* 

What ahou\ thoye Portable Soil Test Kltst i Those portable kits 
you see advertised in gardening magairines supposedly measure 
soil pH, N,P,K, and maybe other nutrients* Even the expensive 
6nes are a poor substitute for lab testing* niey're not nearly 
as accurate and the reagents don't Heep well. You're much better 
off encouraging farmers to get used to sending in samples to 
an established soils lab« 



HOW TO TAKE A SOIL SAMPLE 

Proper sampling is the most crucial part of soil test<^ 
In^ (given a good lab, that is)* Before sampling, read 
over the soil l€^*s instructions (usually printed on the 
sampling box or 6n a separate sheet )« Kerens the general 
procedure: \ 

1* Divide the land into sampling unlta t Start by drawing 
up a: map of the land to be sampled and divide it accords 
ing to soil color, texttire, topography, and past man*-* 
agement (fertilizer, liming, etc*)| each sampling unit 
should be as uniform as possible in these combined 
characteriiitics (l*e« don*t lump red soil and black 
soil or hill soil and flat soil In one sampling unit)* 
Be sure to get the land*s thorough fertilizer and limb- 
ing history* The final map with numbered sairq^llng 
units might look something lik« this; (see n«ct page)* 

*1 • In a recent Stateside training prograKif we tried out one 
popular kit that's supposed to measure NPK and pH; even the 
colors in the color charts varied from kit to Hit due to 
cheap printing; the instructions heve some bogus ag info too. 
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Most labs like you to limit a sln()le sampling unit to 
no more than 10-15 acres (4'-6 hectarea)| J-f you're working 
with small farmers, you*re more likely to have pretty small 
units* 

2* Taking the Samples ; 

a* If the farmer has 3 sampling un:lt8| he* 11 end up 
sending in 3 boxes of soil (aborjt 1/2 lb* e&dl) to 
the lab* Each sample is made up of 10-20 sub-saeftples / 
talcen randomly within ^e same sampling unit* Don't / 
take sub-samples from fertilizer bands^ under anlinaX 
droppingsi on headlands (row ends) or along a fence ^ /' 

line* 

b* Depth of SMroXlno : Host labs want only topsoil samples 
16-9" deep), though some ask for separate subsoil san^les 
tool some want only 2" deep samples when sampling pas- 
ture, land* Never mix topsoil with stibsoil* 

c* Taking a sub-sample ; A shovel aid machete work flne^ 
thougti a soil auger is easier oa hard ground* If 
using a shovel, make a 45° hole to the right depth, 
and then try to cut out a slice about an inch or 
two thick to the correct depth* Holding the face 
of the soil slice with one hand will keep it from 
crumbling apart* Trim down the width of the slice 
with the machete til it*s a couple inches wide and 
dump it in a pall* Scrape off an^ surface litter 
before sampling* 

During and after collecting the sUb-sanpiesi mix 
them thoroughly in the pall| ard then take out 
enough soil to fill up the sampling box* Never 
mix soil from different sampling units 1 Don't oven 
dry wet samples} it'll cause a falsely high potassium 
reading* Air dry them instead* Halce sxtre the pall 
you*re using is thoroughly clettn* A galvanized pail 
may make a zinc test invalid* 
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3. Fill Oatr*^^ Infortnoticn Sheet s It as!cs questions about 
soil slope and drainagej cropping history, crop to be 
grownp yield expected^ and past applications of fer« 
tilis©r and lime on each £e:nplln5 unit-? 

When , to TbXb Sctiri^lerr^t Send them in at least 5 weeks or more 
before you needr^the results? in sreas with a well defined 
cropping seasonr i^arK^ers terid to wait until a week or two 
before planting; the soils lab car^/t cope with the rush. 

How Of^n is Ter;^inq Needed? : Under low to moderate rates 
of fertiliser use, the fiexd should be sampled about once 
every 3-4 yearSo Most of your farmers can't afford enough 
fertilizer to markedly affect the soil's fertility on a 
year to year basis; they should be concentrating on feeding 
the crop rather than building up the soil. 

II. PLAKT TISSUE TESTS 

The crop itself can be tissue tested in the field for 
N-pp-K levels in the plant sap; kits cost about $20'S40, but 
some of the reagents need to be replaced every year. 

Tissue tests are be/st'used to supplement soil test data, 
but the results can be tricky to interpret^ sometimes plant 
sap nutrient levels aren't related to those in the soil, 
since weather extremes, insects, and diseases affect uptake. 
Deficiencies of one nutrient like nitrogen can stimt crop 
growth^ Tand cause a "pile up*' of P and K In the sap, 
giving a falsely high reading* 

Total Plant An al ysis : Sorne labs can run a total nutrient 
analysis of plant leaves with a spectrograph, but it may 
cost $10*-S15« 

One advantage of tissue^ testing is that it may be possible 
to correct diagnosed deficiencies Aespecially N) by adding 
more fertiliser^ 

CAUTION: The tests are geared to much higher yield levels 
than mort of your farmers can reasonably shoot for; their 
management and affordable fertilizer levels may show up as 
serBi'def icient N-P«.K tissue test results, despite following 
soil test reco^endations; yet the yield increase attained 
by these moderate fertilizer rates may be the most profitable 
on a return*-per*-dollar basis. (See p# 88). 

I 
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Properly conducted fertilizer trials are very helpful; 
here*s 2 fcindst 

Test Strips t Run several test strips through the field 
to try a couple different rates or nutrient combinations; 
you* 11 need two or more test strips (about 3-4 rows wide 
each) in different parts of the field for the 3ame treat- 
ment to cut dovm the influence of field variation (it should 
be the same type of soil visually and past management-wise)* 
Don*t rely oA one year*s results alone since weather and 
pests can influence yields* 

Formal Trlals t The different treatments are randomized and 
repliciated as small plots within one bloc; eacKc^plot is usual- 
ly only a few rows wide and several meters longi plot size^ 
plant population, and fertilizer rates are carefully ineasured 
as well as yield differences, and they*re run over 2-3 years* 
This is the only kind of trial that is statistically sigoifi* 
c^xt^^ Xt*s tedious work* 

Trials vs> Demons tr at iong^ 

Tglalg are used to help determine fertiliser rates* Demon- 
stjgations are used to show farmers the benefits of appropri- 
ate rates* The simplest and most effective demo uses two 
plots, one with and the other w/o fertilizer; you should 
soil test first and/or use trial info to determine rates* 

Soiae quidelines t 

Por\ ' t try to use ^ trial as a demonstration; results 
HayTook confusing and contradictory to fanners* 

2* Dcn^ set up a demo plot without basing fertilizer^ 
rates on soil tests and/or other data* 

3* Do involve the farmer whose land is being used* Don*t 
run it on your own land* If you do all the work your- 
self, farmers are likely to %'ie^^ the demo as some com- 
plicated and mysterious Ameirlcan ritual beyond their 
abilities* ( 

4* When setting up a trial or demo, be sure to control 
serious limiting factors like insects which could 
wipe out or mask fertilizer response* 

5* fertilizer demos give the most spectacular visual 

response on poorer land^ don^t use a field that*s 

been heavily fertilized in the past, vet don*t locate 
it oh atypically poor land* " ^ 
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IV* SPOTTING VISUAL SIGNS" 

Severe nutrient deficiencies often cause character- 
istic changes in plant appearance such as size and leaf 
color« Spotting hunger signs can be a useful tool, but 
be aware of several drawbacks: 

1« Some hunger signs are easily confused with each* 
other or with disease and insect damage; if more 
than one nutrient is deficient at once, the hunger 
signs may be vague* 

Hidden Hunger : A nutrient deficiency may be serious 
enough to cut yields by 30-60% without the appear- 
ance of hunger signs} in most cases, plants have to 
be really starving before showing hunger signs* 
The crop may look good during the growing season, 
yet hidden huriger can result in unnecessarily low 
yields* 

3» It may be too late to correct def lx:iencies by the 
time hunger slgng appear* 

Learning the Hunger Sions : Hunger signs for common crops 
are described on pp« 155*59 • A picture is worth at least 
1000 words, though, so try and get hold of a copy ofi 

Hunger Sions in Crops. 4th ed«, edited by H»W» 
Sprague* David McKay Co*; New York* It*s a 
great general reference on hunger signs and 
has numerous color plates* 



V. AN EDUCATED GUESTXMATE 

If no soil test info is available for the farmer*s soil, 
you can make an educated guestimate based on; 

1. Available soil test results from nearby farms with 

the same soil type, though past fertilizer applications 
c*an change results^ fertilizer trial data on the same 
soil type can be used too* 

2* An extension pamjihlet on the crop with fertiliser 

recommendations for your zone (these vary in accuracy)* 

3* The particular crop*s relative nutrient needs (p* 89 )• 

4« A thorough examination of the sQil for depth, drain- 
age^ tilth, slope; pH too if you canj these may limit 
fertilizer response* 

5* Yield history and past management of the field* 

6« The farmer •s management ability and willingness to 
use complementary practices like improved seeds, 
insect control, etc* 

We*ll get into all ihis in Part VI* S3 
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PART VX 

^, HOW TO USE 

ORGANIC FERTILIZERS & SOIL CONDITIONERS 



THK CHEMICAL va. ORGANIC CONTROVERSY 

Ch«nlcal (1*«* "synthetic** or **lnorganic**) fftrtllizers 
have come under fire, being accused of eirecything frCMi **poi~ 
sonlng** the soil to producing less tasty and nutritious 
food* Should you encourage your farmers to forget about 
chemical fertilizers an^ use only organic ones (compost^ 
manure, etc*)? 

The "organic way** is basically very sound since organic 
matter (in the form of humus) is a fantastic soil improver 
(see p* 4 )* But over the years, sofoe misleading and illu^> 
sory claims have been tacked onto the organic approach. 
( The Complete Book of ComDOstino , an epic 1000+ page tome 
that rivals Wa r yd yea^e . even has a chapter titled "Com- 
post and Mental HeaXth")! 

Let's take a look at the key issues: 



1* Are Organic fertilizers Better for the Soil than 
Chemical Fertilizers? 

Chemical fertilizers supply only nutrients and exert 
no beneficial effects on soil physical condition; organic 
fertilizers db both* 



2* Then Whv not ForOet about Chemical Fertilizers? 

Compost and manure are relatively lotr-strength fertili- 
zers (100 lbs* of 10*5-10 chemical fertilizer has about th« 
same MPK content as one ton of average farm manure*) They 
need to be applied in Ifti^p amounts (like 12-20 tons or more 
per acre yearly to make up for their low analysis and to 
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supply eiaocfgh hmus to ai^niftcar^tly Isi^rc^e acil p^.y5tcal 
condition. Sxc«pt for r^siativ^iiy saft2.1 ^r^ias^ diffi- 
cult for Dost ^ancQirs to obtdilri a^d apply th^se hefty <giiw^ 
tlti«s« Add^ to this is the problem of rapid ocqanic mat- 
ter breaJc^owij espocially in the tropics? which often makes 
its benefits ^shortlived* Nearly all the successful projects 
that rely aclci^ly on organic fertiliiser^a axe costfined either 
to small parc&ls or to cooler climatea lilte Vermont, Ore<^ 
gon, the Guatemalan Highlands, etc# 

5Sie OTer^toelaiing verdict ia that chejBical fertilisers 
and organic soil iokprovers applied toge^fcher are more effec- 
tive than either alone • One study done at the Maryland Agric 
Expto station showed a 2CU33% yield Increase when chenical 
fertilisers and organic matter were applied together^ coin- 
pared to applying ^oub^^ the amount of either alone. 

2* Do Chemical Fertiliaera Kill off Beneficial Soil Life? 

Many organic enthusiasts claim that chemical fertilisers 
*^poison'^ the soil and turn it into a sterile, lifeless medium 
incapdDle of producing good crop yields without continual 
chen*,ical applications. Beneficial soil irticrobes (see p, 7) 
e^rth^rsss thrive on organic matter, it*s true, and their 
nu3lb^rs will drop as organic matter declin<»s« Once virgin 
groun<^ ihtgh in o«m«) is put under cropping, organic matter 
levels decline whether or not chemical fertilisers are used. 
It ta3£es larg^fi^ and frequent additions of organic matter to 
maintain a good soil humus level* Evidence that chemical far- 
tilisers harsa earthworms is conflicting- lack of o«m« is much 
mor^ a factor© 

Chemic^ fertilizers themselves d^*t speed up the loss 
of organic matt^ but usually increase crop yields^ to well 
above those obtained if a virgin soil is first put under 
no-fertiliser cropping ^ Hydroponic asd greenhouse <;:ropping 
uses Gt*^ril@ artificial soil and chemical nutrient solutions, 
yot record yields ere obtained, stilly natural outdoor soils 
usually na^ed both organic matter and chemical fertilisers 
for best, yields. 



4« Are Organically Gro wn Cro^a More Tastv and Nutritious? 

Numerous studies have shown no differences in protein or 
vitamin contents* Nearly all home-^rown produce, whether 
organically o^ chemically grown, tastes better than the 
less fresh, supermarke-^ fare. The vitamin content of a leafy 
vegie (esp* vitamin A) depends mainly on leaf exposure to sun- 
light* That's why leaf lettuce averages about 6 times higher 
in vitamin A than head lettuce* 

Whethei^^^from dhemical or organic sources, fertilizer nu- 
trients usually help increase vitamit: cc^tent* Plant roots 
can^t distinguish between the two sources; that's because 
in order for an organic form of nutrient to be absorbed^ 
it must be first converted into an inorganiCj|^i««« chemical) 
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source* 

\ 

\ oPfti^MTC FERTT T.T7.RRS AWD SOIL CONDITIONERS 

' f 

we'll cover manure, compost, other organic sources, 
green minure crops, earthworms, and mulching. 

I, MANURE ' 
PArtilize r Value 

^ 7* oreat source of organic matter, but 
Animal janure is y^^^^^^^^^ ^^p^^^^ ^ „ the 

how about its fertilizer value ^ amount of 

type of ^ni^^l' ff„i'4f„,iSure is'siired and applied, 
bedding used, and how ^ne m^" hiaher nutrient 

Poultry and sheep manure "^ually have a nigner 
7alue than horse , giai. manure. 

on the average farm manure ^^ains.about lO^lbs. N. 
5 lbs. P.O., and 10 ^^s. KgO per io^ along w^ 
amounts Sf^he other ""^riints (this takep x 25-50%). 
normal storage and handling losses whicn^r ^^^^^ (^^^ 
This works out to a 0.5-0.25-0.5 fertiijz^^^ 

p. 70 ). BJS cnly about of t^^^ ^J^glfH' available to 

phorus. an3r50% of^Jhe potassiuj^ is reidiiy a 

plants' during the first coup^e months s^^^ microbes 

Organic form and has to^«^»«^|Ji^^<^^^^ t ^^^^^^^ , 

first. It does mean *hat far^anure nas g 

fertilizer value, even, though ie5^vftry_low stre g 

pared to chemical fertilizers. , 

contents of d^**f""^„*vi^ ^i^^. storao^, and handling: 
values depend a^ lo^ on the diet, storage,, an 



Type of M^^^re 


^ ^2°5 \ 


K^O 


Poultry 


l.C% 0.8% 


\o.4% 


Sheep 


0.95% 0.35% i 


/l.0% 


Horse 


0.7% 0.25/ 


0*55% 


Cow 


.0.5% 0.2% 


0.4S% 




0.5% 0.35% 


0.4% 




2.4% 1.4% 


0.6% 
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Farm Manure Is Low in Phosphorus : It tends to have too 
little available phosphorus in relation to N and If 
using it as the sole source cf fertilizer, many experts 
suggest fortifying it with S/C-SO lbs. of single superphos» 
phate (0-20--0) per ton : it not only beefs up the P content* 
but reduces the loss of N as ammonia; usually it*ll be much 
easier to apply P directly to the soil instead^ 



Amount of Manure Produced 

It*s a surprising amount per animal if you can collect 
(note that total dry matter is very similar) 
Tons of Manure Produced Annually 
Per 1000 ibSA 



Animal 


(Presh Wt#) 
Solids 


Urine 


(Presh Wt.) 
Total 


Total Drv matter 


Horse 


7»2 tons 


1»8 tons 5 tons 


2»0 tons 


Poultry 


4*2 


0 


4.2 


2.14 


Cow 


9.S 


4*0 


13«5 


1.9 


Pig 


. 9.1 ■ 


6.1 


15.2 


2.0 


Sheep 


4^1 


2.1 


6.2 


2.0 


How to 


Store Manure 









Store manure in piles with steep sides to shed water 
and good depth to reduce leaching losses by rain* It^s 
far better; to store it under a roof or in a covered pit# 

ADplvinq Manure - | 

r 

I 

When: It*s best applied a Cf>uplr: weeks to a few days be/ore 
planting time. If applied too far in adyanceL some N may be 
lost by leaching* To avoid I'jrning crops, fxj'esh manure (as 
opposed to rotted manure whicr: has less burning potential) 
should be applied a week or n^oire in advance •/ 

Hbw : Manure should be plowed^ disked, or hoed under soon 
after application; a delay of ,1ust one day may result in a 
25% N loss as anunonia gas (50% iti 2 days)* / 



^ ''G-.15 tons/ac 



How Much to Applv? : Rates of 
kgs •/hectare) are a genetal figure, but 1 
sheep manure_ to 4-5 tdns/acre (9000-11,000 
works out to about 0o5-0<*7 lbr^/sq« foot v 
meter) except for poultry and sheep manur 
foot or about 1 kg^/sq-t meter)* You can p 
these rates, but you're better off using k 
over a larger area rather than a high rat^ 
area- (if quantities are limited)* Large 
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e (22^000*33^000^ 

mit poultry and ' 
^ kgs^/ha#)» This 
2*5-3^5 kgs^/sq* 

CO •2-^0 #25 \ibs»/sqo 
obabiy double 

moderate rate 

on a small 
ounts of fresh 



manure may burn roots and seeds (esp« pig^ poultry^ sheep) • 
Very strawy manure may cause a. temporary N deficiency unless 
supplemental N is added to the soil (see p»44)* 



Some Other Methods & Guidelines-- for U3inq Manure 

« 

' 1» You can mix pig or poultry manure, etc» 50-50 with 
water and use it to side-dress growing crops (like 
once every week or two), but it may bum shallow 
rooted crops (cabbage, lettuce, onions, etc«)« 

2* DON*T use pig manure on vegies whose edible parts 
touch the soil (onions^ cucumbers, carrots, lettuce^ 
etc«)$ many swine parasites can be passed on to humans 
this way» Don*t use human manure on any crop for the 
Same reason (even if composted)* 

3e Cattle manure from commercial feedlots (confined, con- 
centrate feeding) is likely to have an overly high 
salt content and may easily injure crops (esp« seeds 
and seedlings)* 

4» Use the strip or .slot method if manur*^ is scarce, con- 
fining it to the crop row or hill* Unless well rotted^ 
avoid contact with seeds or seedling roots • 

5» Everji high rates of manure won*t always satisfy a crop's 
entire NPK needs s^ some supplemental chemical fertiliser 
(or 'high analysis organic source Jike Cottonseed meal ) 
may be needed* M<inure does' contain a good distribution 
of trace elements though, something most NPK chemical 
fertilizers lack* Remember that manures have a rela- 
tively low nutrient content, much of^which isn*t readily 
available* 



!!• COMPOST: How to Make it ^d Use ife ^ 

What is Compost? ; It's ma^e by letting plant and animal 
wastes partially decompose in a compost pile or pit» The 
end product is well on its way to becoming dark, earthy* 
smelling humus, l^h at great soil improver (i?ee p» *)• 

What*s it Made OuA of? : Garden and crop residues like leaves, 
stalks^ grass, we^s; manure is a good additive! table scraps 
are OK, but meat attracts flies and m^kes for maggots* 
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What Goes on In a CMtpost Pile? 

Bacteria and fungi break down the residues Into ccmipost 
by feeding on lt# They us* carbon for energy and nitrogen 
for protein «nd also need air« They produce a lot of heat 
in the process? a properly made pile will reach 158^ in 
J. couple^ days then gradually drop» The pile shrink^: to 
a^out half ±ts size during cotrposting, since the Tnicrobes 
'*burn" up a let of the ceorbon*. 

The secrets of Rapid Cemxatlaa 

Viost conq;>ost piles take 2-*6 months to break down; that*s 
because It^s damn hard to meet all conditions for rapid com-^ 

posting: 

1. Finely Chopped , Matyrla^ ; This gives much foore sur^ 
face area for the microbes to work on; you need a 
shredder to do a good enough job for rapid composting 
TX4-17 days); ideal sixe is less than l^s**. 

2. Aeratlo^ : The microbes thrive on air, so the more often 
you turn the pile, ifte quicker €tte process; turning a 
large pile with any type of fretjuency (l-2 times a 
week is Ideal) is a lot of work* 

3. EnouQh ^tolst^^e t The pile should contain about 5Q% 
water; if it's too dry or too wet, the microbes don*t 
thrive* It needs to be = emoistened periodica,lly . . 

It should feel wet btjt not soggy* 

4. Enough Insulation to Hold in Heat : Do this by using 
a bin (wbod^ client, etc. )*or hole or make the pile 
large enough so it*s^ self-insulating (about 4-6 ft* 
high X S ft. wide X 6 ft. long)^ 

5. The Right blRBONtWITROGEN ratior The microbes need car- 
bon for energy euid N for protexn* Strawv or tough resi- 
dues (stalkSyor^ tall old grass) usually have too much 
carbon compelled to nitrogen^ which makes it difficult 
for the microbes to break it down (not enough protein- 
available)* St^wdus<;^ has the same problem* Young 
grass clippings or other limnature green vegetation 

is the opposite -it^s got more N than n^^eded^ so the 
microbes turn the excels into ammonia gas which can ^ 
be lost* 

The Ideal carbon-nitrogen rati^o is around 30:1 tft 35:1# 
The trie* is to blend in strawy materials (too wide a 
C:N ratio) with less cosrne onos (too lean a C:N ratio) 
for a more balanced mix. Kerens the C:N ratxQ of some 
common materials: 

Sawdust (fresh) SOOrl , Fresh manure 15:l^to 20:1 
Sawcust (rotted) 210:1 Strawy manure 50:1 or more 
3traw 50:1 to 130:1 Young grass clippings 12:1 
Sugarcane trash 50:1 X^aves 40:1 to 80:1 
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Spme Other Comcostlno G^lcpr \ne s 



!• How about aodinq lir r ^ : Sc.T^e paopie insist that lime 
or vood ashes are no^^Eifec to keep acidity down| not 
S04J though you might want to add a bit when using 
an aspscially acid materic.1 X;l)ce oak leaves (about 
a pint or so per sq* yard on/ each layer >• 

2« Vfnat abou^ adding soil? : l^o/Lt methods include adding 
an men thick layer of soi2 ev^ry so often while ' 
building the pile; it's suppoSifed to supply needed 
microbes^ but studies show that they're already there 
In sufficient numbers right on tiie very organic stuff 
ycu^re adding* Soil may /help, absorb any released 
anunonia though* Some recorttraehd scratching up the 
ground under the pile-tcUbe to promote soil contact 
with the pile bottom* / 

3* A re Chemical Fertilizet/s Needed? : Some N fertilizer 
may be needed if you cAn*t get enough organic material 
with a narrow C:N ratyo^ a touple pounds per layer 
will do; you can use/an NPK fertllizfsr for a general 
nutrient beef*up* ^ ; 

4* Whet about those compost "Activators** vou see adver* " 
t i^ed? ^ Studies have shownj they^re unnecessary* 

/ 
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There are countless nicthods, ranging from using ventilated 
garbage bags or homemade rotating\barrer composters to using 
piles or pits* 1?he speed of composting depends how close 
you come to meeting all the requiri^ments on p*62. It* 11 take 
from 2 waaks to 6 rfionths* You can use it long before it becomes 
completely crumbly^ 

The Pile Tiethod 

L ■ \ 

There are ni^merous variations, biit he^:e*s an old standby: 

iL Start with a 12" thick layer of organic material; 
chop it up If ^possible* 

2* Throw on a 2*' jlayer of manure if\availabie and 
thbn a 1** layer of soil* \ 

3* Repeat steps 1 & 2 til the pile is 4-6 ft* higho 

4* Be sure to moisten Sc^ch layer (fresh green material 
will have enough K\6i,sture already Don°t allow 
h^a/y rains to.leach cut: the pile; it covered 

with plastic or slope the sides to iphed water* 

5* The more often yoii turn it^ the quidker it'll compost; 
1-2 times a week is ideal but 1*2 ti^es a month will 
help*^ You may have to remoisten the \pilq periodically* 



1 . 
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Thlfl hf^lps hold in heafc^> Dig 2 adjacent pits (dimensions 
unimportant/ and fill one as per che pile method* Cover 
the top with earth or plastic* To turn the compost, just 
transfer it from one pit to the other; if you don't turn 
it at least once a week, oxygen is likely to run short* 



Wn^t if it Doesn't Heat Up? 

Check back to the 5 compost:-ng essentials on p4i62o 
Most likely it's lacking N or has too much or too little 
water* Compost ma<ie by the pit ntathod needs frequent turn- 
ing for aeration^ 

HOW TO USE COMPOST 

Vo.^.t^s its NutrjLent Value? 

That depends a lot on what ifc*s made from and how much 
(if any) chemical fertilizer you added. Lika manure, it's 
definitely a low-analysis nutrient source, especially since 
much of the N and P aren't immediately usable* It also con-- 
tains micronutrientsp but manure is probably a better source* 
Common N-P-K ranges for composts are like so: (wet weight bas 



Ap;:,lvinQ Comporit 

Unlike manurer, you don't have to worry about N losses 
froi;^ leaving it on top of the soil; it can be used as a 
mulch, but to have effect as an immediate soil improver, 
it should be thoroughly worVed into the topsoil^ 

How M^tch.? : Larce amounts n:^eGad to be effective, say 
around lO^-lS tens/acre v0^i"0*;5 Ibs./sqo foo* or 2o5-3*5 ^ 
kgs^/sq* meter^., Oon't go ovr^ c-bout a pound per so* footfl*^ 
An eyeball application wovlo i^^? a thick loyer over tho 

soil surface* use the str: ^p. slo^ method ivh^sn ixaji^ce* 
confining it to the crop row cr hillo A gallon of fresh 
compost weighs about 5^ .^bs<^ (ii^:^out 3 lbs* vchen :Sry)* 

•1, Per ftpplicaticnj there*^ harm using higher rates, but 
you're better off usinc^mccerate amounts to allov; a 
likely limited supply zc cover mor^area. 



N: 0.75%-i.5% 
P^O^: 0.25%-0.5% 

K^O: 0.5%*1.0% 



Look at compost primarily as a soil improver (like manure) 
with the added side benefit of some fertilizer value* 
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III. OTHER SOURCES OF ORGANIC FERTILIZERS AND SOIL IMPROVERS 

You*ll find other organic fertilizers and soil improvers 
in your area* Some soil improvers like rice hiill« ^ sawdust , 
and cotfconse ed hulls have little or no fertilizer value, 
while some of the more concentrated organic fertilizers 
like blood meal and doti^nnseed mea^ aren*t usually applied 
at high enough rates to improve soil physical condition 
(they're valued as animal feeds and are likely to be ex* 
pensive ) • 

Here's the N»P-K content of same common sources of or* 
ganic matter: (these are averages} actual values vary widely) 







P2O5 




Bat Guano 


10% 






Blood Meal 


12 


2 


1 


Bone Mealf 
steamed 


2 


15-20 


0 


Coffee Grounds 2 


0»3 


0»3 


Cottonseed 


Meal 6 


3 


1 


Feathers 


15 


0 


0 


Pish Meal 


10 


4 


0 


Hair 


12-16 


0 


0 


Peat Moss 


1 


0 


0 


Seaweed 


0.3 


1.3 


2.3 


Wood ash 


0 


trace 


2-10% 



The '^Hlqh Analysis** Organic Fertilizers 

Bat guanoy blood meal, bone meal, cottonseed meal^, fish 
meal, etc. are fairly high analysis and are used at much lower 
rates than compost , manure , and other wealcer sources of nu- 
trients. Rates of 2-5 lbs» per 100_ sq» ft» (10*25 kgsv/lOO sq. 
mts« ) are commonly reconttnended# Bone meal is a very slowly 
available form of an<J most agronomists dpn*t recommend It* 
Bloody cottonseed, and fish meals are especially good natural 
sources of micronutrients. 

I Other Organic Ferttliaers and Soil Improvers 

' Cotlionseed Hulls ; A by-product of making cottonseed meal* They 

have little fertilizer value but are good 
for loosening soil * 
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Peat Moss : Likely to be unavailable or expensive in your area« 
It has no fertilizer value but is a great soil conditioner 
with a high water holding capacity; it's a common ingredient 
of most potting soil mixes in the States* Most peat is on 
the acid side^ especially Sphagnum (pH 3«5} so lime must be 
added (see p«35}* Sphagnum has a natural ingredient which 
inhibits dampinq-off disease of young seedlings* 

R j^ce Hulls ; No fertilizer but a great soil conditioner and 
mulch material (makes a great "grow through" mulch; see p* 35^ 

Rotted Coconut Husks ; See p* 35 • 

Sawdust ; Very low in N and P but a great source of organic 
matter for scil conditioning and mulching^ CAUTION ; Sawdust 
and other low N additives like rice hulls can cause a tem- 
porary tie-up of N unless fertilizer N is added; use about 
1 lb* of 16-20*0 per 8 gals» of sawdust (it*ll help make up 

for the low P content too)« Or mix 4 parts sawdust with one 
part chicken manure* 

Seaweed ; A great mulching material. and soil improver; fair 
nutrient value* Apply at rates up to 125 lbs*/100 sq* ft* 

Sea .Cucumbers : The pXTS ag trade school on Ponape (Eastern 
Carolines ) uses them as an effective fertilizer on vegies* 
They let them ferment in a drum for p c'lple weeks and then 
apply In a S0**50 mix with water as a ^-dressing« 



IV* GREEN MANURE CROPS 

Crops like clover^ cowpeas^ soybeansi oatS| and eT«B 
weeds can be plowed under in the green, immature stage to 
increase soil organic matter* If the green manure crop 
i3 a legume* considerable nitrogen may be added* •I 

Despite these Advantages, it*s unlikely that green manur- 
ing will be feasible for your farmers; 

lo Most farmers won*t want to take thexr land out of 
production to grow the green manure crop* 

2* In drier areas, a green manure crop can seriously 
deplete soil moisture needed for the succeeding cash 
crop^ \ 

3* The increase kn soil humus can be very short-lived) 

due to.theij^harrow C;N ratios and tropical temperatures 
the greert manure's organic matter breaks down quickly* 

4* The amount of N added by a legume green manure crop 
varies a lot and c^ often be more economically sup- 
plied by chemical fertilizer* 

•1* Early flowering stage is the best time to plow under _ 
mcst green manure crops* _/[^„ 
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VI* m;LCHIMg; It Could be Your Soil's Best Friend 

_ Mulching consists of covering the soil surface with a 
layer of organic rnatter (or plastic) and is an especially bene-* 
ficial practice for veaies. The big advantages of mulching are: 

!• It cuts down soil water loss by evaporation and 
is ideal for sandy soils or raised beds which dry 
out quickly* 

2m It suppresses weeds* 

3* It insulates the soil from temperature extremesj or-* 
ganic mulches like sawdust and straw help keep soil 
cool in hot weather (helpful to "cool season" crops 
like lettuce^ broccoli^ caJ)bage| etc*)* 

4* It keeps vegetable fruits like cuc\imbers and toma- 
toes off the ground to reduce rotting* 

5* It adds organic matter* 

6* It protects soi3 from erosion los^s* 

7* It encourages earthworms* 



Common Mulching Materials ; Rice hulls, sawdust, chopped corn 
cobs' I manure , rice straw, grass, leaves, nevspaper^ salt 
marsh hay, compost# Plastic sheeting is a conunon mulching 
material in the States] black plastic suppresses weeds* 

When and How to Mulch 

Mulch can ba applied shortly after the crop comes up, but 
avoid getting it too near the young plants at first* Pine 
materials like sawdust and rice hulls can be put on about 
1-2'* thick, while a 2-4*' layer is better for fluffy stuff 
like straw* A newspaper mulch should be about 4-6 pages 
thick* - - 

Plastic Mulch ; Both clear and black plastic can be used; 
clear plastic may warm up the soil too much in hot weather 
and also won*»: control weeds* 

, Using Mulches to Prevent Seed ''Washout^ : See p* 35. 

" Problems with Mulched 

Snailg and slucfs are more common with mulches; baiting 
may be necessary (moisten bait with stale beer; it's twice 
as effective)* Keeping the mulch 3-4" from the plants helps* 

Mulching is recommended even for very rainy climates (i*e* 
on raised beds)j the PATS ag trade school on Ponape island 
uses mulch Successfully on raised vegie beds (ciay— soii-^— ~ 
under 190** ^armuaLr^n^f ali^-evfelT^ry wet climates can have 
yield" stunting dry spells* and mulch is good protection* Coco^ 
nut yields on Pacific atolls have bean increased 100-200% by 
using cut undergrowth as mulch instead of burning it* 
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V. EARTHWORMS 



I'oi'ymiuBii 



How Thev Benefit the Soil 

1. They eat soil In order to burrow and to fe«d on its 
organic matter; this speeds up the conversion of or^ 
ganic forms of nutrients into usable mineral forms* 
E^arthworms don*t manufacture any nutrients themselves^ 
but the excreted ''castings'* have excellent fertilizer 
and soil conditioning vslue^ 

2* They help gASL and radlatrlbtite organic matterf under 
favorable conditions, they'll transport 20 ^ tons of 
soil to the surface per acre yearly* 

3« Earthworm channels Improve soil aex'atlon and drains 
age« 

Can Earthworms Turn a Sick Soli into a Healthy One? 

A soil with lots of earthworms is siire to be a super 
healthy one^ but lt*s no simple matter ojT cause and effect* 
Adding the little wrigglers to a lousy soil will get you 
noidiere; they wn*t survlvei let alone multiply^ unless the 
soil is reasonably healthy to begin wltht It*s a Catcfa-^22« 
The best approach is to promote their nat^aral presence by 
shaping up the soil; here are some guidelines: 

1« Earthworms don*t like very acid sells (below pH 5«5)* 
2* They like JLots of org^anlc matter. 

3* Mulching really helps by keeping the soil moist and 
providing feed* 

4« Good drainage is important* 

5* Insecticides (especially those applied to the soil) 
and some herbicides are toxic to them* 

6* Very high rates of chemical fertilisers (mainly N and 
K) will discourage then, though thece*s little evi- 
dence that moderate rat^s are harniful* 

Sarfchworms for Composting and for Feed 

Eairthwom Compost ; You can^ai9jti._fiarthworn)5 in wooden-sided 
_bedfiL_about-i2" ^dCTp^T~ln shallow pits (gravel in the bottom 
for drainage) filled with a high organic matter otlxture* Host 
fresh manures should be allowed to peurtly diecompose to pre- 
vent excessive heat; leavesi crop residuesi • and shredded 
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cardboard are also good ytorm food* It* 11 take a month or 
two for the woras to work over the material and make a 
valuable compost-^like product* It*s important to keep. the 
beds moist* 



Worm compost can be made out of rabbit droppings right 
under tKe hutches using bins ot shallow pits; a starter mix 
of 1/2 droppings and 1/2 fine compost gets them off and 
running; a couple inches of limestone is place at the bottom 
to counteract the manure* s natural acidity* iCeep the pits 
moist and turn the mixture every 2-3 weeks so it doesn*t 
get packed^ It*s best to use a commercial breed of worms 
(red variety) that Is faster breeding than the usual soil 
types* 



Vterms as Feed r They* re very high in protein (about 70$ or 
so on a dry weight basis) and have been used In poultry 
feeding. 



Where to Get More Ihfo on Worms 

Write to ICE (Information Collection % Gxchange)^ ACTION/ 
PEACE CORPSf Washington, 0*C. 20525 for specific info on 
earthworms* PC/W has also shipped worms overseas* One 
reccxiimended guide is Raising Earthworms for Profit , Earl B. 
Shields, Box 472, Elgin, XL 60120 (cost Is S2.00 U.^*)* . 
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PART VII 



CHEMICAL FERTILIZERS 



I. S0ME_IMPORTAWT ODDS & ENDS 

- • 

Chemical fertilizers (also called "commercial", "inorgan* 
iCpNor "mineral" fertilizers) are much higher strength than 
compost or manure but lack their soil Improving qualities* 
As we*ve seen though^ most of your farmers won*t have enough 
organic materials to cover more than a part of their land* 
Chemical fertilizers are usually a necessary ingredient for 
producing profitable crop yields on a commercial scale* Des* 
pite their ever- Increasing cost, they can still ear^ily return 
$3-^S5 for every $1 spent^ especially when combined with other 
complementary practl<te8 like improved seeds and pest control* 
Remember that chemical fertilizers and organic materials tend 
to give the best results when applied together rather than 
alone* 



Types of Chemical Fertiligers 

Granules ^ Powders # LidUids : For soil application^ granules 
are the most common^ though full-strength liquid ones are avail 
able too* There are also foliar types (for spraying on the 
leaves) that come as low^strength liquids or soluble powders 
(see p* 85)« 

Nutrient Content : Most granular fertilizer^ contain one or 
more of the "Big 3" (N^ P, K)^ varying amounts of sulfur 
and calcium (as carriers), and very low or nil amounts of 
mlcronutr ients * Some like ammonium sulfate or superphosphate 
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have only one of the "Big 3", while others llk« 16-20-0 and 
14-14-14 contain two or all 3. An NPK fertilizer like 12-24-12 
is often called a " complete " fertilizer, but that's a misnomer. 
Anyway, these MP or NPK fertilizers can be either mechanical 
or chemical mixtures. 

HOW TO READ A FERTILIZER LABEL 

All reputable commercial fertilizers carry a tag or label 
that gives their nutrient content, not only of NPK but also 
any significant amounts of sulfur, magnesium, and micronutri- 
ents. i 



The 3*Number System : 
usually in terms of 



It gives the NPK content in that order. 

The numbers always re- 



P2°5' 



an6 KjjO. 



fer to percent . A 12-24-12 fertilizer contains 12% N, 24X 
PjOsi and 12% KjvT; that's the same as 12 lbs. N, 24 lbs. P2O51 
and 12 lbs. K2O per 100 lb. sack. A 0-21-0 fertilizer con- 
tains no nitrogen or potassium but has 21% P2P5* 

The Fertilizer->-Ratio : It*s the ratio of NPK that the fertili- 
zer has* A 12-24-Y2 fertilizer has a 1:2:1 ratio and so does 
a 6-12-6; 15-15-15 and 10-10-10 both have l:lil ratios. 

Readin<l the Label : A typical one might look like this (I'm in- 
cluding English and Spanish in this one, but most are in just 
one language): , 

NET WEIGHT 100 lbs. 

(Peso Neto: 100 lbs* ) 



10-20- 10 



Total Nitrogen (jj) 10% 
Nitrogeno Total 

^Available Phosphoric Acid (p q ) " 20% 
Acido Posf<5rico Asimilable 2 5 



Water Soltible Poteish 
Potasa soltible in agua 2 



10% 



lERlC 



N, P2O5, 



K^O 



vs. N, P, K: What Gives? 



Note that the N content is expressed in terms of N but 
that the P and K content is listed in terms of PjOg and K^O 
(called Phosphoric acid and potash ). nost countries use 
this N-P^Og-K^O system, though a few are switching to a 
straight N-P-K basis. Either way, a fertilizer's nutrient 
content is the same in terms of strength (i.e. a given dis- 
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PART VII 



CHEMICAL FERTILIZERS 



Im SOME IMPORTAMT ODDS & ENDS 

Chemical fertilizers (also called ''commercial", •'inorgan- 
ic", or^ ^mineral" fertilizers) are much higher strength than 
compost or manure but lack their soil Improving qualities* 
As we^ve seen though, most of your farmers won't have enough 
organic materials to cover more than a part of their land* 
Chemical fertilizers are usually a necessary ingredient for 
producing profitable crop yields on a commercial scale* Des- 
pite their ever-increasing cost, they can still easily return 
$3-$5 for every $1 spent, especially when combined with other 
complementary practices like improved seeds and pest control* 
Remember that chemical fertilizers and organic materials tend 
to give the. best results when applied, together rather than 
alone* 



Tvx>es of Chemical Fertilizers 

Granules* Powders* Liquids ; For soil application, granules 
are the most common, though fulL^strength liquid ones are avail 
able too* There are also foli^y types (for spraying on the 
leaves) that come as low-strength liquids or soluble powders 
(see p* es)* 

Nutrient Content ; Most granular fertilizers contain one or 
more of the "Big 3" (N, P, K), varying amounts of sulfur 
and calcium (as carriers), and v ery low or ni^l^ amounts of 
micronutrienfcs ^ Some like ammonium sulfate or superphosphate 
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have only one of the "Big 3", while others like 16-20-0 and 
14-14-14 contain two or all 3. An NPK fertilizer like 12-24-12 
is often called a " complete " fertiliser, but that's a misnomer* 
Anyway, these MP or NPK fertilizers can be either mechanical 
or chemical mixtures. 

\ 

HOW To\ READ A FERTILIZER LABEL 

\ ..- 

All\ reputable commercial fertilizers carry a tag or label 
that giyes their nutrient content, not only of NPK but also 
any significant amounts of sulfur, magnesium, and micronutri- 
ents. \'^. 

\ 

The 3-Nuit)ber System ; It gives the NPK content in that order, 
usually ii*^ terms of N, ^2^5* K^Om The numbers always re- 

fer to percent . A 12-24-12 fertilizer contains 12% N, 24% 
P2O5, and 12% K^O; that's the same as 12 lbs. N, ,24 lbs. P205» 
and 12 lbs 4 K.C per 100 ib. sack. A 0-21-0 fertilizer con- 
tains no nitrogen or potassium but has 21% ^2^5* 

The Fertlli^^er Ratio ; It's the ra^io of NPK that the fertlli- 
zer has* A !iL2-24T:l2 fertilizer ha« a 1;2;1 ratio and so does 
a 6-12-6; 15^15-15 and lO-lO-lO both have:l:l;l ratios. 

Reading tl^e Label ; A typical onemightlook like this (I'm.in- 
cluding English and Spanish in this one, but most are in just 
one language )i 



^ NET WEIGHT ICO lbs* 

(Peso Neto: lOC lbs* ) 

\ 10-20-10 

Total Nitrogen (j^j 
N^-ltrogeno Total 
\ i 
^Available Phosphoric Acid ^ j 20% ' 
Acido Posforico Asimilable 2 5 

Water Solxible Potash 
Potasa soluble in agua i 2 



Np P^Og, K2O vs# p, K; What Gives? 

: I 

y Note that the N content is expressed in terms of N but 
th^t the P and K content is listed in t^rms of PjOg and K^O 
(cilled Phosphoric acid and potash), j^^^^ countries use 
thp-s N-P^Og-K^O system, though a fev are switching to a 
sfcV4ight N-*P^K basis. Either way, :a fertiliser's nutrient 
cdntent is. the ^ajne in terms of strength (i#e» a given dis- 
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tance is the. same, whether it*s in miles or kilometers). . Just 
in case your country uses a straight Nt?k system for fertilizer 
labels and recommendations^ here's how to convert between the 
two systems* 



P X 



2.3 . P2O5 



^2°5 



X 0.44 



K X 1.2 



K2O 



K^O X 



0.83 » K 



Here's 2 sample problems to clear up any confusion; 



PROBLEM #1 ; Suppose your couhfery uses the straight NUP-K 

system and you see a fertilizer labelled 16-10^5-6*5^ 
What would its formula be on an N-PjOg-KjO basis? 

SOLUTION : Since P^O^ - P x 2.3, multiply the fertilizer's P 
content by 2»3; convert K to K^O by multiplying 
.-t^e fertilizer's K content by I#2* You should end 
up with a 16-24-8 formula oiji an N-F20g-K20 basis* 

PROBLEM #2: Suppose you receive back soil test results that 
recommend applying^ 30 lbs. actual P per acre, 
but the phosphorui content of your fettili^er 



is expressed in tprms of ^205* 



How much ^^©5 



SOLUTION; ^ince PgOg 



would be needed no supply 30 lbs» of actuajL P7 
P X 213, you*d multiply the 30 lbs* 



actual P by 2#3 anp find out that about 69 lbs» 
"^2^$ ^^^^ supply 35 lbs* of actual phosphorus^ 



1 DO^T worry a lot about thisf becatise you're unlikely to 

run into it. Again, the I^PgO^-^K^O system is by far the most 

common, and it*s the one this m?.nual uses* 

\ -1 ■ 

* ' ^ \ 
WHAT'S CHEMTCAL FERTILIZER MADE OUT OF? 

Most of the N comes from cabining ammonia gas with 
carbon dioxide or nitric acfd; ^phosphorus fertilizers are 
made by adding sulfuric or phosphoric acid to phosphate rock; 
potassium comes from mining^^>Dtassium chloride or sulfate. 

Why don't the 3 numbers in a fertiliger formula add up to 
1007 : Ammonium nitrate (33-0-0) contains 22% N, but what 
about the other 67%7 Its formula is NH.NOg which shows that 
the rest o|f the weight is made up of hydrogen (H) and oxy- 
gen (0);^there's no way to find a sack containing 100% 
since pure N is a gas (and plants can't use It anyway}«^ 

Let* 5 take another example* Single superphosphate con- 
tains about 20% phosphorus on a ^2^5 basis (0-20-0); its 
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Chemical formula is Ca(H2P0^)2*CaS04p so you can see ttjat 
the rest of the weight is made up of calcium (Ca), hydro- 
gen, oxygen, and sulfur (S)» ^ 



A RTJNaOWN OH COMMON CHEMXCAL FERTILIZERS 



I*. NITROGEN FERTILIZERS 

Nearly all N fertilizers contain either ammoni um (NH^+; 
or nitrate (NO3"/ nitrogen. , Nitrate N is quicKer acting 
aad more mobile 'and easily leached, but don't forget that 
ajToicnium N is pretty quickly converted to nitrate N in 
warm soils (all of it within 7-10 daysX^ 

Ammanliim Nitrate (33i»34% N) t A 50-50 mix, of ammonium and ni- 
trate N; quick acting but quickly becomes slushy in high 
htjunldlty (keep the sacks- sealed)* - If left on the soil sur- 
face at pH*s aboye 7»0p some, will be lost as ammonia gas» 
Can be explosive if mixed with oil or eicposed to fire» It 
has an acid effect on the soil (see p» 76)» 

' ^ . / 

Ammonium Nitrate with Lime (20-21%N): Same as above but it's 
coated with dolomltic limestone to neutralize acidity and 
reduce absorption of humidity^ ^ ^ 

Ammonium Sulfate (20*^21% N) ; Al&j contains sulfur (about 23% S 
oir 59% SO4); good handling and storage properties; lias an acid 
effect on the soil; some N may bfe lost as artflnonia gas if ap- 
plied to the soil surface above pH 7»0 w/o covering* 

Urea (45-46%N) ; Has the chemical formula C0(NH2)2> and it's N 
is in the amide form but is quickly converted to ammoni\im 
and then to nitrate by soil microbes* . Regardless of ffoll pH . 
some N will be lost if it's left on the soil surface, especi- 
ally when applied to pastures (up to 35% loss)* It's the most 
high-strength source of N available in solid form* Can cause 
"burning'* if placed to ne;^r seeds or seedlings*" May sometimes 
contain excessive aiaounts of biuret which is very toxic to 
plants, but this is raji'e an<? due to faulty manuf acttftre* Has 
an acid effect on the soil* Can be fed as a protein source 
to r\iminant animals (cattle, sheep, goats)'; the rxjmen bacteria 
convert it to protein BUT , it can^ be verv toxic at anything but 
low levels (vinegar is the antidote) and must be fe<J in combi- 
nation wi^h certain other feeds* Tends to absorb moiatttre* 

Sodium Nitrate (16*0-0) i Also called Chilean nitrate) tenons 
to be high cost per; lb* of N due to its low strength* Can 
easily "bum" seeds/ or seedlings because of its high "salt" 
content (see p»Q6 )• Has a basic effect on soils* Absorbs 
humidity. 
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Potassium Nitrate (13*0*44) : See under K fertilizers* 

Animortlum Phosphate Fertlligers : See under P fertilizers* 

Mixed Fertilizers : Lots of mixed fertilizers like 10-20--10, ' 
14-14-14, 20-20-0', etc. contain N* 

Anhydrous Ammonia (82% N) : The highest strength N fertilizer 
available; it's stored under pressure as a liquid but reverts 
to g^s upon exposure to air; it*s applied with a special ap- 
plicator under strict safety precautions (it can cause blind- 
ness and fatal lung damage); has an acid effect on the soil* 



What about "Time Release*' or *'Slqw Release" N Fertilizers? 

They're coated or mixed with substances that slow down 
their solubility anc the speed of microbial conversion to 
leachable nitrate* Trouble is, they're usually too expensive 
to be used on a commercial scale* 



II* PHOSPHORUS FERTILIZERS " . 

Sincrtfe Superphosphate (16-22% ^2^5^ B^12% S) : a coimnon P fer- 
tilizer and also a good sulftir source* Nearly all the P is 
"water soluble" but that doesn't keep it from being tied up 
in the soil* Has no effect on soil pH* 

Triple or Concentrated Superphosphate (42*>48% PgOs) ^ A higher 
strengrfi source ot p ^ut low in sulfur (1-3%)* Its P is^ 
nearly all water soluble but still subject to soil tie-up* 

Ammonium Phosphate Fertilizers 

1* Mono-antmonium PhosPhate (11-4S-0, 12-61-0): Tends to 
give better results than di-ammonium phosphate on alka- 
line 4b^a^d:<r>"so"iTs^^ Low in sulfur* 

2* Di-ammonium Phosphate (16-48-0, 18-46-0, 21-53-0): Good 
P source but may injure the &ee4 be ammonia release if 
placed tQD_ close, esp* on b^sic soils* MAP is less likely 
to burn^ hnt- DAP ^^^^ if applied correctly (see p* 86 

3* Ammonium Phosphate Sulfate (16-20-0, 13-39-0 )i Both are 
also good sources of sulfur ^(9-15% S in 16-20-0, JZSL S 
in ^ 13-39-0 ) * ^ — =rr^— ^ 

All the ammonium phosphate fertilizers have an acid effect 
on the soil* 

Mixed Fertilizers : Numerous kinds have P (20-20*0, 15-lS*15,ietc») * 

Heat Treated Roclc Phosphates : These vary in P content; made 
by heat treating natriral phosphate rock to increase its P 
availability (very low); none of -its P is water soluble, 
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wi I r ^^""^-^^^^"^^ ^corn, ^tc.;-it won*t become avail- 
able fast enough»*l 

(15^25% P^OsJ- A by-product of steel making; a 
readily available source of P best used in aci^ soils* 
has a basic effept on soils^ 

Bone Meal : See under Organic Fertilisers* 



What^s the Difference between Water Soluble Phosphorus and 
Water Insoluble Phosphorus? 



Don^t be confused by the term "water soluble** pAosphorus^ 
It just means that the P is readily soluble in w€ter and 
will move out of the granules into the soil quickly; it 
doesn^ t mean -fch^at it'll be 100% available to plants- that 
depends on the soil's ability to tie up P^ For annual crops, 
at least 50% of the fertilizer's P should be water soluble 
(it'll say on the label)* Heattreated rock phosphate con- 
tains only citrate soluble P- that's why it's only recommended 
for acid soils where it can be dissolved^ Raw phosphate rock 
and bone meal are worse off, containing only insoluble P 
which has'Very low availability* 



III. POTASSIUM FERTIliIZERS 



Potassium chloride (muriate of potash, 0*0-60), potassium 
sulfate (0*-0-50), and potassixam nitrate (13-0—44) are common 
K sources as well as mixed fertilizers like 14-14-14^ Tobacco, 
potatoes, and sweetpotatoes are sensitive to high amounts of 
chloridies* 



IV> ; SECONDARY NUTRIENT SOURCES (Calcit^m, MagnesiUTi, Sulfur) 



KLC 



Calcium & Jtegnesittm 

They're most commonly supplied as limestone (only Ca) and 
dolomitic limestone . (Ca and Mg) when 3:aising soil pH* Gvpsu;m 
(calcium sulfated has no effect on pH and is used to supply 
plants with a high Ca requirement tha^i prefer an acid soil 
(like, peanuts)* 

Maoneisium sulfate (Epsc»n salts, 9-ll?JMg) ajjd potassium 
maanesiiim sulfate Mq) are other sourc es of Mg and have 

no effect on soil pH^ The Mg content of fertilizers is of- 
ten expressed in terms of MgO (magnesium oxide); the conver- 
sion is Mg X 1*66 « MgO, MgO x 0*6 « I^* 

Heatj treated rock phosphates work well in high organic 
watter soils* 
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Supplying Sulfur ( 

Scmm coimnon fertilizers are good s/soiurces like single ^ 
sxJper (8-12% S), ammonium sulfate (2y3fi-24% S>, 16-20-0 (9-15*C 
S), and potassium sulfate (17% S)«^'UsualLy, the higher the ^ 
NPK content of a f er tl 1 1 ze r ^.thg^ower Its C content (l«e, 
triple super has 1-3% S). Sul?^ deficiencies are on the 
Increase In non-Indus trial aroasf due to the growing use of 
high analysis fertilizers. Ii:*s a good Idea to Include a 
sulfur bearing fertilizer In your program, especially on 
acld» sandy soils. Organic matter Is a good source of S. 

The S content of fertilizers Is often expressed in terms 
of SO4 (sulfate); 3 lbs. SO4 « 1 lb. actu^ S» 



V. MICROmJTRIENT FERTILIZSRS 

Some mixed fertilizers maj^ contain varying amounts of 
micronutrients (check the laJbel) but usually too little to 
correct deficiencies; if a meaningful amount is present, 
it may appear as a 4th number in thie fertilizer formula, re- 
ferring to the particular micronutrient* 

Separate micronutrient fertilizers like copper sulfate, 
iron sulfate, zinc sulfate, manganese sulfate, and borax are 
available for soil or foliar ^plications; remember that soil 
tie up of added Ite or Fe Is often a probleni oir deficient soils 
(see p»41)# Chelate-d forms that greatly f^ut soil tie up are 
available too* Some fungicides like Maneb (contains Mn; and 
Zlneb (contains Zn) can supply micronutrlents in conjunction 
with disease contrtA* ^ 

What about rolfar Pertllizers> Anvwav?; See p*85 . 



HOW SOME rERTlLIZERS AFFECT SOIL pH AND WHAT TO DO ABOUT IT 

Pertlllzftrs Cftn ba add, basic, or nejtral in their effect 
en soil pHi 

1* All ammonium N fkrtlllssars (except ammonium nitrate with 
lime?' ara acid forming} that's because the conversion of 
«mmoniuin (NK4) to nitrate (NO3) releases acid forming 
hydrooen lens* The same goes for Urea and most mixed 
fertilisers (15.15-15, 20-20-0, etcTJV 

2* M l t rate N fertlllsere that Kave the nitrate contblned 
^th a strong base haeva a slightly basic effecj; (cal- 
cium nitrate, petasslup nitrate, sodium nitrate)* 

3« The straight P or X fertilisers have no effect on sell 
pKt povasslum chloride, potassium sulfate, superphos- 
phates*} 

4. Large a|ppllcatlona of Sigaycft and eomeeata have an acid 
effect* Of 1 
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So What's this Mean? 

Continued use of acid forming fertilizers over the years 
will eventually lower soil pH enough to require liming, unless 
the soil is very alkaline. The rate of pH drop depends on 
the kind and amount of fertilizer applied and the hufferlna 
capacity (exchange capacity; see p« 38) of the soil* Since 
clayey soils tend to (but not always) have a higher buffering 
capacity, they're usually more resistant to pH change than 
coarser soils* 

So why use acid forming fertilizers? ; they're usually the 
most available and econonomical and are actually beneficial 
on alkaline soils* 



IVhv not Add Lime to an Acid Fertilizer? ! DON*Ti You'll lose 
a lot of N as ammonia gas. Many fertilizer labels state the 
amount of lime needed to neutralize the acidity per 100 lbs* 
of ^ne fertilizer, but that's just a legal requirement* Don't 
add lime to the soil each time either; it's unnecessary and 
time consuming; most of your farmers can't afford high enough 
fertilizer rates to markedly change pH in a year or two anyway* 



The table below compares the relative acidity of acid 
forming fertilizers; you'll see there's quite a difference 
among them: 



Relative Acidity of Acid ForminQ Fertilizers 



FERTILIZER 

Ammonium nitrate 

Ammonium sulfate 

Ammonium phosphate 
sulfate 

Urea 

. Mon^ ammonium 

^ phosphate (11-48-0) 



% Nitrcoen 

33-34% 
20-21% 

0^ 



45-46% 



11% 



ttos. ef pure limfcstone needed , 
to counteract the acldltv pro- 
produced peri per 
100 lbs, fertlliaer lb. of N 



Di-ammonium phosphate 21% 



60 lbs* 
110 lbs* 

^ lbs* 
84 lbs* 

58 lbs* 
74 lbs* 



1*8 lbs* 
5*3 lbs* 

5*3 lbs* 
1*8 lbs, 

5*3 lbs* 
3*5 lb- 



The far right column is the most relevant when ccMonparii 
the fertilizers, and^vyou can see that ammonium sulfate^ am-» 
monium phosphate sulxate, and mono-ammoniuiu phosphate are 
nearly 3 times as acid forming as urea and ammonium hltrate# 
Many experts feel that these figures are too conservative 
and that the fibres for urea and ammonium nitrate might 
Q well be doijtoled and the others raised by 30%« R«ad over 

the chapter on liming^ ^ BEST COPY AVAILABLE 
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II # HOW fO APPLY CHEMICAL FERTILIZERS 



You can*t expect good results from fertilisers if you 
don't know Ijt pW and WHEN to apply them and HOW HUGH to use* 
It*s a common weak point among PCV*s, farmers, and a surpris- 
ing hxamber of extension agents and pamphlets* Yet the basic 
guidelines are pretty straight forward* Read over the next 
few pages, and you*ll go a long way toward helping your farm* 
ers maximize their return on fertilizer use* 

Let*s start off with sSae Important H ow; and When appli- 
cation guidelines for the nutrients: 

NITROGEN 

Even though ammdniu^ N is fairly resistant to leachingi 
it*s converted to leachable nitrate within % jffiJ^ or so imder 
warm, moist soil conditions* The coarser the soil texture and 
the higher the rainfall, the greater the leaching lossesT" 

How to Combat Leachlno of N : As a general rule for annual crops 
(corn* sorghum, tomatoes, etc*}| apply 1/3-1/2 of the total 
N at (or near) planting (or transplanting) time, usually as 
part of ^ NP or NPK fertilizer* Apply the remaining N as 
one or more y;lded^essinas* ^ later on in the growing season wheiv 
the plant»s demand for N picks up; use a straight N fertilizer 
like ureat ammon&\im sulfate, or ammoni\im nitrate* 

How Many "Sidedresslnqs? : For crops ^like com, sorghumi and 
dryland rice, one sidedressing is us^^ally OiC except on sandi<L.r 
soils imder high rainfall (use two)! The single sidedressing 



* applications of fertilizer along th^ crop row of growing plantfi 
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is made 30-40 days after planting (corn is about knee high)* 
The longer season crops like tomato and eggplant norinally get 
2-4 N sidedressings at 3-4 week intervals. Grass pastures 
are commonly topdressed with N 3-6 times during the wet sea- 
son, following a once a year NP or NPK application* 



Where to Place Fertilizer N 



As an NP or N?K Fertilizer : When applying N at planting or 
transplant time as part of an NP or fertilizer, be sure 
to place it 3-6*' (7»5-*15 cms#} deepj reason is that P and us- 
ually K move very little in the-spi-trand need to be placed in 
the root zone at the start; not mkny roots grow in the top 
inch or two of soil-it*s not continually moist enough (unless 
mulched) for roots to prosper (pasture^ c;=in absorb surface 
applied P and K though)* Here's 3 effective methods of apply- 
ing an NP or NPK fertilizer; 

1# In a continuous band that runs 2-3" out from the seed 
row and 2-3" below seed depth* 

2* In a half-circle 3-6" deep and 4-6" out from the trans- 
plant* 

3* In a hole 4-6** deep and 4-6** away from the seed hole 
or transplant* Not as effective as #1 and #2# 



As an N si ..dressing ; There*s no need to place a. .straight 

fertilizer deep since rainfall will move it down into the 
root zone* Work it in a bit (like %-!") to keep it from 
being carried away by surface water flow; yrg^ should always 
be worked in to avoid amnonia gas loss* Ideal time to side- 
dress is right before a weed cultivation- the cultivator or 
hoe can work it into the soil* Here's 2 effective sidedress* 
ing methods; 

. •! 

1* In a continuous band along the row about 4" or more 
out; crops with spreading root systems like com and 
sorghum can be sidedressed midway between the rows 
with no loss of effect* 

2. Crops with wide in*the-row spacings like tomatoes, egg* 
plant, and pepper are cpinmonly sidedressed in a half- 
circle about 6" or so out from the plant* Or use a 
continuous band* 

PHOSPHORUS APPLICATION GUIDELINES 

Remember these 4 vital facts on P; 

* 

1. It's virtually immobile in the soil, so deep place- 
ment t3-6"J is essenti&l (pastures are the exception). 

*1* Nc need to make a wide bend; the N will spread out aa it 
„ moves downward through the soil^ 
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2. Tt*s easily tied va by^ the sof^l; only about 5^20% of 
the fertilizer P you apply will actually be available 

the crop. Application method has a big influence 
on tie-*up (sefe below). 

3. Young plants need a high concentration of P in their 
tissues for good root growth; this means that P should 
be applied at or near plantinc? or transplant time. 

4* There*s no valu^ in making adcitional P applications 
after the initial ones, yet lets of farmers waste money 
by sidressing with 12-24-12, 16-20-0, etc# Besides, 
youM damage the roots trying to get P down 3-6^ on a 
growing crop. Splitting P applications won*t cut down 
on soil tie-up either* 



How to Minimize P Tie-up 

Im Use localized placemen^ , (bandi_Jialf-clrcle. hole) : The 
low to medium rates t20-60 Ibso P^Oc/acre or 25-65 .kgs#/ 
hectare) most of your farmers vdli Be using are much 
better utilized if locally placed instead of broadcast (p. 83), 
This applies to P, NP, and NPK fertilizers* Pastures 
are an exception* 

2. Co:: post and manure help decrease soil P tie-up* 

3. Maintain soil pH within the 5.^^-7*0 range if possible* 

4. ;vhen applied along with P, N helps increase P avail - 
abilitv'^ and untake * 



'Should P Ever be Broadcast? 

Broadcast^^ng maximizes P tie-up by spreading the fertilizer 
too thin and exposing each granule to full soil contact* To 
overcome the increased tie-up, broadcast rates may need to be 
2-10 times or more higher than with localized placement* Broad- 
casting is a good way to build up the soil's general P content, 
but few fajnners can afford the huge amount needed* Here are 
2 exceptions; ^ 

1* Broadcasting can be used on very small plots end is 
the best method for seedboxes; shoot for rates of at 
least 200 lbs. P2^s^^^^^ ^^^O ^^s*/hectare) * 

2. Broadcasting works fine on pastures, even at low to 
medium rates* 

Except on pastures, broadcast P must toe worked into the soil 
at^least 3-4" deep ( preferably into the whole topsoil)* 

POTASS-ITJM GUIDELINES " 

K ranges between N and P in mobility, so leaching losses 
aren't usually important except on coarser soils or under 
verv heavy r"iinfail. K should be applied at or near planting 
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or transplant time as part of an NPK fertiliser and should 
be placed 3-6" deep (7,5-15 cms*). Where leaching losses 
are likely to be high, K can be applied in 2-3 applications; 
this is also recommended 'for pastures to help raduce "luxury 
consumption" of K (see p.^S), K tie-up is a problem on some 
soils but nowhere near that of P tie-up» 

Broadcast applications of Farmers in the States and Europe 
commonly make periodic heavy brc idcest applications of K to 
help build up soil levels; they can be very effective and 
may last for. several years but aren't recommended where there's 
high leaching losses or where K tie-up is a problem (see p»46)» 
Such heavy K applications may induce magnesium deficiencies 
m some crops on soils with borderline Hg level 

Save those Crop Residues! : About 2/3 of a plant's K is foxind 
%j\ the leaves and stems vs. about 1/3 in the ear, pod, or 
fruit; however, about 1/2-^2/3 of the K in root crops is found 
in the harvested root itself • Burni ng residues does not 
destroy K .but only sulfur, and organic matter. 



Sulfur is usually applied as a sulfur bearing fertilizer 
like single super, ammonium sulfate, etc. so the application 
method is dictated by the principal nutrients in the fertllizexr. 
Sulfur is mobile and readily leached. 



1. Ca is more often applied^s a liming material to 
lessen acidity than as a nutrient; even very acid soils 
usually have enough Ca for plant needs. Some crops 
like peanuts and tomatoes have extra high Ca needs, 
and def xciehcies can be cured by liming (if the pH is 
too low) or by applying gypsum (no effect in pH) in 

a band near the row (it^s mobile) or sprinkled over the 
peanut plants. 

2. A liming material like limestone or burned lime must 
be evenly broadcast and then worked intP the topsoll. 
Dolomitic limestone will cure Kg deficiency while 

, lessening acidity. ^ 

3. Epsom salts (.magnesium sulfate) or potassium magnesixro 
sulfate have no effect on pK and can be applied using 
fch£i same methods as for NP or NPK fertilizers* 20-25 lbs. 
actual Mg/ac?.e (200-250 lbs. epsom salts) will do it. ^ 

MICROmJTRIENTS 

Soil applications of iron and manganese are oft€nn ineffec- 
tive due to soil tie-upt especially at pH's above 6.8* Using 
chel ated forms will avoid this or you can make foliar appli- 

*1^ ar spray plants using 15-20 lbs* epscw salts/ieo gals, water 



SULFUR 



CALCIUM & MAGNESIUM 
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cations* All the micronutrients can be applied as foliar 
sprays which is often ippre convenient^ but high applications 
will burn leaves » Zinc, can be mixed with fertilizer and ^ 
banded or broadcast* Boron may be broadcast or mixed with 
other fertilizers and banded near the seied (rates of more 
thah 1 lb» actual B per acre may injure germinating seeds 
of some crops 

GENERAL MICRO KXJTRIE NT RATES FOR DEFICIENCIES *! 

Btiroq : Household borax at tablespoon (15 c*3*) per 100 sq# 

feet on sandy soils and up to 3 tbs* on clayey soils* 
~ — Doh*t 0»D» the soil-it's harmful to plants* Or use 
I 10-25 lbs* borax/acre (11-27 kgs*/hectare)# 

Molybdenum : Use 1/2 teaspoon (2*5 c*c*) of sodium molybdate 
J ■ per 100 sq* ft* (mix with fertilizer); or spray 

plants with a solution of l/4*-l/2 lb* sodium 
^ molybdate per 100 gajs* water* Liming the soil 

(if pH. is tbo low) will often cure a deficiency* 

J* 

ginc: 10-40 lbs*/acre of zincr sulfate (23% Zn); band low rates 
or broadcast high ones* You can spray plants with a 
1—2% solution of zinc sulfate (1*25-2*5 ounces per gal* 
of water); use a wetting agent* 

Manganese: Spray plants with a 1-2% solution of manganese 
sulfate (1*25-2*5 oz*/gal» of water) plus a^ 
wetting agent* Use a special chelate form if 
applying it to the soil* 

I ro n: A 1-2% spray of ferrous Sulfate (1*25-2*5 oz*/gal*> 

plus a wetting agent '^ut may need repeating every few 
weeks* Chelated ire should be used for soil appli- 
cation (18-36 lbs*/acre)* 

Copper : Use l3s-2 teaspoons (7*5—10 CfC*) of copper sulfate 
per 100 sq» ft» of s^il* Mix with your regular 
fertilizer* 

If using foliar sprays^ they usually require more than one 
application* 

•1* Wlien using foliar sprays a wetting agent^ ("spreader") is 
important to assure uniform coverage; if a commercial 
spreader isn't availablei use a mild ^ lqui<! detergent 
like "Lux" or "Ivory" at 1-2 teaspoons per gal* 
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FERTILIZER APPLICATION METHODS COMPARED 

Let's check out the effectiveness and suitabilicy of 
4 common application methods for your farmers: 

^ !• Broadcasting 

2« Localized placement: band^ half-circle, hole. 

3f Foliar applications 

4, Through the irrigation water 



I. BROADCASTING 

The fertilizer is uniformly spread over the soil and 
then hoed, disked, or plowed in. ? and K should be worked 6- 
8** into the topsoil. Topdressing refers to surface applications 
on pastures while they're growing,- Except on small plots, 
seed boxes, or pastures, your farmers are a lot better off 
using localized placement instead, ^e cons outweigh the 
pros; 



P ros. 



1. Gives a better distribution of fertilizer in the root 
zone compared to localised placement; most high capital 
Stateside ^ armers combine' broadcasting (for large appli- 
cations of P and K) with banding a small amount of NFK 
fertilizer near the seed to get plants off and rxmning. 

2. Little danger of fertilizer "bum". 

3. Labor .needs may be better distributed, since the fer- 
tilizer is applied before planting time; broadcast ap* 
plications of P and K may last several years if high 
rates are used. 



Cons 



1. 



It maximizes soil tie-up of P (K also). 

2. Lqv; to medium rates of fertilizer (esp. P) are 
sptead too thin. 

3. Yaor farfflfcers can't afford the high, rates of P and K 
needed to overcome #1 and #2; 2-10 times as much P and 
K are needed when broadcast to equal the effect of 
localized placement. 

4. Vou fertilize thfe weeds as well as the crop. 

-w^S^j^armers may lack' equipment for uniform spreading 

and for working in P ar K deep enoughs Plows and 
hoes work fine, but dis harrows usually don't work 
it in deep enough. 
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TI* LOCALIZED PLACEMENT (Band, Kalf-circle, HoljL) 

Several Ways to Band Fertlliaer 

The continuous band method is ideal for close spaced 
crops like carrots, radishes, ar.d beets or for dirill seeded 
(one seed it a time instead of in "hills*') corn and sorghum* 
Here are ^several ways to do it: 

Ifr^^est placement of the band is 2-3" to the side of ' 
and 2-3'* below the seed row. This lowers tne risk 
of '*burn** and also gets the fertilizer down deep 
and into the path of the roots ♦ Tractor and animal 
drawn planters with fertilizer band applicators are 
available; otherwise this Jnethod can be pretty tedious 
on anything but small plots. One band/row" is as good as 2^ 

2. The famer can make a 4-6" deep fUrrow with a wooden 
plow^ or hoe, apply the fertilizer- along the bottoit^ 
and then kick in soil to fill the furrow up to plant- 
ing Septh. This .gives a band of fertiliser running 
under the seeds and a little to each side; as long as 
there's 2-3" between fertilizer and seed, th^e's little 
danger of burning, even at healthy rates.*! 

3* ^ less satisfactory method is to make one furrow at 
planting depth and place both seed and fertilizer in 
it; it'll work OK with' corn and sorghum rfith little 
ri^k of "burn" at low to medium rates (like 175-250 
lbs. /acre of 16-20-0 or 14-14-14 or up to 100 lbs./ 
acre of 18-46-0, 16-48-0). Make the fUrrow wide so 
the fertiliser can be spread out a bit to dilute it. 

Placement Under the Seed: One danger of placing an NP or 
NPK fertiliser directly Tnder the-seed or transplant is 
that the N and K salts may move upward through the soil 
as it dries and cause injury (P doesn't burrjj^^ Straight 
P fertilizers are safe to use this way but should b^' separ- 
atetf from the seed by an. inch of soil. Placement of^^, dS.- 
rectly under the seed or transplant often gives great re- 
sults on tap rooted crops like tomatoes, onions, and cotton* 
Side-band placement of ^ i^ better for fibrous rooted crops 
like com, sorghum, and small grains* 

Half-Circle fethod 

Very effective on crops spaced too far apart to warrant 
banding (tomatoes, peppers, hill planter! corn, eggplant, etc*)* 
The half-circle should be located about 3-4*^ut from the seed 
group or" transplant and 4-6*' deep (if using an NP or NPK fer- 
tiliser)* 

"Hole'' Method ^ 

^The least effective of the 3 since it concentrittes the * 
fertiliser in a pretty small arecv;, still, it's better 

*!• Sand3f soils are more prone to fertilizer burn probltems* 
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than no fertilizer at all* Make the hole 4-6" deep and 3" 
or so away from seed hills or 4-6" away from larger plants* 

Using a Liquid ''Starter" Solution 

Starter solutions help transplants recover fr3m the shock 
by providing a readily available source of fertilizer (esp* 
P for root growth)* They're made by mixing 2-4 tablespoons 
of a high P fertilizer like 12-24-12, 10-30-10, or 14-14-14 
with a gallon of water and then pouring about a cup into 
each transplant hole before putting the seedling ln« I*et 
the solution disappear into the soil first* See under 
"Vegetables" for more info* 



Pros and Cons of Localised Pljgicement (LP) 

The **LP" method is usually the best one for'^'f armers whose 
capital or managenent situation limits them to low or medi\im 
rates of fertilizer; the pros far outweigh the cons: 

Pros — - 

Small to medium rates of fertilizer (esp» P) are much 
more efficiently used than if broadcast* Gives maximum 
return per dollar spent • 

It minimizes the iiie-up of P (K too)* 

3* It doesn*t feed the weeds as much* 

4* Especially good for crops with less extensive root 
systems like lettuce, cabbage, onions^ radish, pota- 
toes, and cotton. 

1* On low fertility soils, it*s hard to produce top yields 
with the '*LP'* method alonej co^ining the fertilizer 
to a small area doesn't stimulate a^ extensive root 
development* Most of your farmers won't have the money 
or the management skills to shqot for top yields anyway* 



HI* FOLlfiSt APPLICATIONS 



Foliar applications are mainly suited for applying micro* 
nutrients since such small amounts are needed; it's a good 
way to avoid the soil tie-iip of manganese and iron (unless 
chelates are usee)* ' 

What about Foliar MPK Fertilizers? : Many lic^uld tind soluble 
powder^^g^K foliar fertilizers ^e available; some advectls.e- 
m^il^s S aim large yield increa^s over using soil fertilizers 
alort»&*J Research has shown that f61iar NPK fertilizers can 
**green up" a clrop but that yield increases are unlikely as 
long as enough soil applied NPK is used* Some of these products 
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cont^n various micronutrients but in such low concentra^ 
tions that they're useless for preventing or controlling 
deficiencies* The NPK foliar products are hi<vhly expensive 
per ib# of nutrient compared to regular fertilizers* Numerous 
applications would be needed to supply a good amount of 
or K without burning* 



IV* APPLICATION THROUGH THE IRRIGATION WATER 

Vrea and arranoni\im nitrate dissolve readily in water 
and are often applied by sprinkler irrigation; don*t try 
this using furrow irrigation- it ^3 too wasteful and non* 
uniform* 

SOME SPECIAL APVICE FOR FURROW IRRIGATED SOILS 

^ When using '*LP" method on furrQW irrigated soils^ be 
sure to place the fertilizer below the. level that the irri- 
gation water'will reach in the furrow; placement below the 
hig^ water mark; enables mobile nvttrtents like nitrate and 
sulfate to move; sideways and downward^ towards the roots; 
if placed above the water line, the upward capillaury rise 
of water will parry these mobile nutrients to the surface* 



HOW TO AVOID Fe!rTILIZER BURN 



ERJC 



Fear of ferttilizer burn . terrorizes many a PCV, but it's easy 
to avoid* "Burining'* is caused by a high concentration of 
soltible salts ejround the seed or roots Which prevents th^ 
from absorbing ;water or anything else (remeirtber osm6sls ?)» 
Either the see^s g^erminate poorly or the' leaves Aart to 
turn brown, firjst at the tips, and the plant eventually dies* 
The N and K ferjtilizers are the real culprits, since they 
have a much higher '^saXt index" than P fertilizers* 



First Aid for giertilizer>&6rn t If you're lucky enough to be 
able to irrigatje, liberally . apply the water to leach away the. 
salts- Otherwi^^f pray ^or rami 

How to Avoid "Surn" ! Separate the seed and the; fertilizer by 
2-3" when banding and 3-4** from the seed or transplant when y 
^ using the half*-pircle or hole method; burning ^l? more likely/ 
^on sandy soils ^han clayey soils; soils in arid or semi^arid^ 
irrigated ars?as are likely to have a high sal/t content to ^ 
begin with -burning is even more likely here« 

Fertilizers VarV In '^Bum" Potential ; It's the salts associ- 
ated with N and! K thTat do the burning ; P has li*:tle biccning . 
potential* The table on the next page gives the ifelative i 
^^"Salt Index" of coftonon fertilizers , per 20 lbs* of plant . 
nutrients (not per lb# of fertilizer) • ■■ . 
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Fertilizer 

Sodium nitrate 

Potassium nitrate 

Ammonium sulfate 

Ammonium nitrate 

Mono— ammonium 
phosphate 

Potassium 
sulfate 



Relative Butn Potential 
of Different Fertilizers 

Salt Xndeac per 
Formula 20 lbs* of fe^lant Nutrients 



J ' 



nesium 



Potassium chloride 
Urea ^ 

Di-ammonium phof^phate 
Potassium sulfate 
Single superphosphate 
Triple superphosphate 
Gypsum 



16-0-0 
14»0-46 
21-0-0 
33-0-0 

11-48-0 

0-0-22 

0-0-60 
45-0-0 
L 18-46-0 
0-0-54 
0-20-0 
0-48-0 



6.0 
5*3 
3.2 
2.9 

2r5 

1.97 

1.93 

1.6 

1.6 

0.85 

0.4 

0.2 

0.25 



GRE^^ST 



V 

LEAST 



*1« Urea and DAP may cause more Injury than ammonium 
sulfate since they release free ammcnia* 
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III. HOW MUCH TO APPLY? 



WHAT^S THE MOST PROFITABLE RATE OF FERTILIZER 
FOR A SMALL FARMER? 



That depends on: 

His management ability and capital situation} does 
he have the money^ desire^ and ability to follow 
recommended practices in fertilizer use, pest con-* 
trol, use of improved varieties^ etc2 

2. Limiting factors other than fertility and how well 

can be controlled; low pH( shallow soil, poor 
drainage, weeds, insects, diseases, rainfall & irri* 
gation, suitable crop variety, etc* 

3. The fertility level of the soil 

4. Type of crop and probable price; perishaole vegies 
usually have a higher profit potential than storable 
grain crops, but much more risk is involved due to 
greater price fluctuations and more sophisticated 
growing techniques. 

5.. The cost of fertilizer. . 

Looks like another complex issue, but we can still arrive 
at some very useful guidelines. Read on. 

Small Farmers Should Usually Aim for Maxlmtim Returyi 
Fer Dolla r^ that Means Low to Moderate Fertilizer Rates 

As shown by the fertilizer trial results below, crop 
response to fertilizer follows the Law of Diminishing Re- 
turns: (N was the only deficient nutrient in this trial) 



Lbs« of Nitrogen Yield in. 



Added Per Acre Qushels Per Acre 



yield 
Increase 



0 12 

4C 54 

80 84 

120 104 

160 119 

200 129 

240 136 

280 141 

320 144 
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42 
30 
20 
15 
10 
7 
5 



•1. 1 Bushel of corn ~ 56 lbs. (shelled and at 14% moisture) 



Since the efficiency of fertilizer response declines as rates 
go up, a small fanner who*s short on capital should apply low 
to medium rates of fertilizer* He'll end up with a higher 
return per dollar spent on fertilizer, be able to fertilize 
nore land, and have money left over to invest in other yield 
improving practices* 

As a farmer's capital situation improves, he can afford 
to become less efficient and aim more towards ma::imuin profit 
per acre by applying higher rates of fertilizer* That's like 
the big supermarket that offers lower prices than the Mom & 
Pop outfits but makes a much higher total profit due to its 
larger volume* 

A capital-short small farmer is usually better off fer- 
tilizing a larger area of land at lew to medium rates than 
a small area of land at a high rate* Per example, in the 
fertilizer trial on the previous page, 160 lbs* of N produced 
119 bu* of corn vhen applied to one acre; if the same amount 
were spread over 4 acres, a total of 216 bu* would be pro- 
duced (4 X 54)* 

The amount of fertilizer that will give the best return 
per dollar spent depends a lot on the crop, so:il, climate, 
etc*, but it*s usually on the low tc medium side* A high 
value crop like tomatoes often merits a higher rate than 
a lower value crop like corn, but the risk is higher and the 
price fluctuation much greater* 

Substitution o± Fertilizer for Land : Another factor is that 
fertili^er can substitute for land by allowing the farmer to 
produce more corn and beans on less land* That cuts costs 
and permits more diversity of production* ^'^ 

HOW ABOUT SOME GENERAL GUIDELINES FOR LOW , 
MEOIUM^ AND HIGH RATES OP N, V^O^f and K 0? 



OK, but bear in mind the many factors that determine fer- 
tilizer rates (see top of previous page)* The table below 
gives a very general guide to LOW, MEDIUM^ and HIGH rates of 
the *'BIG 3'^ (N,?/K} under small farmer conditions and using 
localized placemen t of P and K (except on pastures) : 



LOW ^ 
(Lbs*/acre or 
Kgs*/hectare) 

35-55 



(Lbs^/acre or 
Kgs*/hectare) 

60-95 



MEDIUM 



HIGH 
(Lbs»/acre or 
Kgs*/hectare) 

100+ 




25-35 



40-60 



70+ 



,0 30-40 50-70 gg 80+ ^ 

Now check out the qualifications on the next pagei 



•l*Kgs*/Ha* and Lbs*/acre are virtually the same (within 10%>* 
l4bs*/acre x 1*12 = kgs*/Ha* 
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Qualifications to the "Ldw". "MftdmHt**. "Hlah^ Tabl> 

!• YOU MUST CONSIDER THE FERTILITY LEVEL OP THE SOIL 
YOU*RE WORKING WITH aft well as the typ* of crop. 
A soli high in K would need little or no fertiliser 
K« Most cropped soils tend to be low in N and low 
to mcdi\iin in P; K deficiencies are less common* brasses 
and cereal crops (comi rice* etc«} usually show less 
response to added K th^ root cropSi bananaSi sugars 
canei and leguunes* 

2« The N rates are geared to high users like com* sorghum* 
ricei pasture grasses* leafy vegies like lettucef cab- 
bagei mistard} soisa fruit vegies like tomatoes (i^ppiy 
less N on eggplant, pepper and cucurriber)^ and 
potatoes* 

3« Most other root crops aside from potatoes have lower 

N needs than those above; this includes carrotSi radishes 
beetsi onionSf manioc <cassavaf yuca)* and taro« 

4« L^Qumeq. like peanuts* mungo beans (P« aureus ) t soybeanSf 
cowpeas and tropical pasture legumes are all very effi- 
cient N fixers if properly innoculatod or grown on a 
soil with a good natural population of the right strain 
of Rhizobla i they need little or no fertilizer but 
most extension pamphlets recommend a starter application 
of 20-30 kg8«/Ha# or Lb3«/acre of it (along with the us* 
ual P and K) to 'eed the plants til the Rhizobla begin 
to fix N (takes about 2-3 weeks)* 

Ordinary beans* lima beans* and peas aren't as efficient 
N fixers and can use up to 50*60 kgs# N/ha» or lbs»/acre» 

5« Don^t forget to take the farmer*s management ability 
into account* You*re wasting your time encouraging 
a farmer to use a "High** rate of fertilizer if he*s 
not willing or able to use other complementary yield 
improving practices; also remember to check out soil 
limiting factors like drainage, decth* etc* 



Specific Crop Recommendations 

Pages 108-35 give more detailed fertilizer recommendations 
and related guidelines for common crops* wh^^nAwr pQ^gihiA^ 
get the soli tested by a reliable 1^ * 
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IV^ FAULTY FERTILIZER PRACTICES 
How to Spot Them and Fix Them 



Faulty fertilizer practices are all too common among farm» 
erSf PCV*s, and a surprising number of extension pamphlets* 
Let*s run throQjgh some of the more common mistakes; 

( NOTE ; Since lbs»/acre and lcgs»/hectare are close equivalentSf 
the fertilizer rates below apply to both; i»e» 100 kgS«/ha» is 
pretty close to 100 lbs»/acre) , . I 

EXAMPLE I s 125 kgs# (lbs#) of Urea (45-0-0) per hectare (acre) 
applied when com is planted, followed by a side* 
dressing of 2D0 kgs^ (lbs#) 16-20-0 per hectare (acre) 
at knee-high stage* 

WHAT*S WRONS? : It's backwards I The NP or NPK fertilizer should 
always be applied at or near planting, never as a sidedressing* 
Besides, only 1/3- 1/2 of the total N should be put on at plant- 
ing to minimize leaching losses* What about tjtie total NPK dos- 
age? It works out to about 68 k^§j»X^bs») N, 40 kgso (lbs*) 
P2O5, and no K^O per hectare ( adre) • "^T^ie N and P rates are in the ac- 
ceptable rango (see table on P. 89), but s^me K may be nfeeded un- 
less the" soil has a medium to high test level. 

EXAMPLE 2: 250 kgs»/Ka» (lbs»/acre) of 14<*14-14 broadcast and 

left on the soil surface a couple days before plant- 
ing vegies* 

WHAT'S WRONG? : What's riy'.t? Broadcasting is a lousy way 
to use a small amount of fertilizer, especially Po To add in«* 
suit to injury, it*s being left on the soil surface; the P and 
most of the K will never reach the roots^ The fertilizer should 
be banded instead* 
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EXAMPLE 3: 300 kgs./Ha. (or lbs. /acre) of 15-15-15 applied in ^ 
a band at corn planting time and placed 2" (5 cms») 
deep and 6" (15 cms.) from the row, followed by Br- 
sidedressing of ammonium sulfate (20-0-0) at 300 
kgs./Ha. (lbs. /acre) vrtien com Is tasselinq* 

WHAT^S WRONG? ; The NPK fertilizer is being placed too shallow 
and too far awav from the row» It should be at^ least 3'-4" 
(7*5-10 CDS.) deep and no farther away than 2-3" (5-7.5 cms.) 
fron the row. The N sidedressing is being applied about 3-4 
weeks t:oo late; corn and sorgh\im need the N sidetfressing about 
knee high stage.^ The soil also may not need any K, Rates are OK. 

EXAMPLE 4 ; 150 kgs./Ha* (Ibs./acre) of 12-24-1;? applied at to- 
mato transplant time in a half circle 10** (25 cms.) 
away and 2" (5 cms.) deep, followed by a sidedress^ 
ing of 200 kgs./Ha. (lbs. /acre) of X4-14-14 3 weeks 
later. 

WHAT'S WRONG? ; Tomatoes are a heavy NPK feeder; 150 kgs#/Ha. 
isn't enough (2 to Slimes as much is needed/ unless soil 
K level is high). The half^circle is too shallow and %oo far 
aw^ from the plants; it should be at least 3-4'* deep and about 
4" or so away. There's no benefit from sidedressing with an 
NPK fertilizer like 14-14-14; all the P and K should go on at 
transplant time (sidedressing K only pays onsaridy soils or ^ 
under a lot of rain); only N should usually be siaedressed. I d 
aim for a total N application of 100 or more kgs»/Ha. (lbs./ 
acre)* See p. 123 for suggeste<l NPK rates* 

E XAJy[pLE _5j, 200 kgs./Ha. (lbs. /acre) of 0-20-0 applied when grain 
sorgh\im is planted, followed by 400 kgs./Ha. (lbs»/acre) 
of Urea (45-0-0) as a side-dressing 35 days later. 

WHAT^S WRONG? ; Some N should always be applied at planting to 
most crops Texcept maybe peanuts^ soybeans^ cowpeaSp mung beans^ 
and peanuts and pasture legumes). Otherwise, you're apt to run 
into an N deficiency well before sidedressing time. Young plants 
don't need much but soil microbes can cause a temporary N 
tieup while decomposing the previous crop's residues. The Urea 
sidedressing is being applied at the right time, but it*s much 
too high a rate except for super farmers with super soil and 
lots of capital. I'd cut it down to a total of 80^100 J<g^s. (lbs.) 
of actual N per hectare (acre) (planting plus side-dressing ) • 
P rate is in the OK range though K may be needed^ 

EXAJVIPLE .6 : 250 kgs./Ha. (Ibs./acre) of 12-24-12 applied in 

a band when peanuts are planted, followed by a side- 
dressing of ammonium sulfate (20-0-0) at 300 kgs./Ha. 
(Ibs./acre) . 

WHAT'S WRONG? ; Peanuts are a very efficient N fixing legume so 
little, if any, N is needed if the proper Rhizobj^>a bacteria 
are present in the soil or if the seeds were properly innocu* 
lated with the right Rhizobia culture. However, a starter 
amoxint of 20-30 kgs»/Ha. (Ibs./acre) N is ofteti recommended 
to fill in til the Rhizobia start functioning^ Anyway, youM 
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never sidedress peanuts or other efficerit N fixers with Nj get 
them to fix their own- it's far cheaper and usually makes the 
difference between profit and loss* 



PROBLEM 7 : 100 kgs»/Ha» (Ibs^/acre) of 16--48-0 applied when 

corn is planted* followed by ISO kgs»/Ha* (lbs»/acre) 
of Urea (45-0-0) applied on the soil surface at knee 
high stage* 

WHAT'S W ROMS?; 

1. He (she) is putting on a total of 63 kgs* (lbs#) of N in 

the 2 applications (16 + 67) which is an acceptable total rate, 

BUT remember that 1/3-1/2 of the total N should be put on 

at planting; only 16 kgs* (lbs*) are being put on In this 

case or about 2(WS of the total* That's too little* As 

a general rule, no less than 2S-30 kgs*/Ha* (lbs*/acre) 

of N should be applied at planting or you may run into 

an N deficiency before sidedressing time* 

2* The 150 kgs* (lbs*) dosage of Urea is OK BUT it's being 
left on the soil surface; up to 25-30% may be lost as 
aitimonisi gas (s<^e p* 73) or it may be carried away by 
surface flow of water* Work it in about an inch deep 
to avoid this* ' ' 

-5. The soil may need K also* 

PROBLEM 8 : Miguel makes up a "^starter** fertilizer solution for 
his tranplants by mixing a couple tablespoonfuls of 
Urea in a gal* of water and applying about 1 coffee 
cupful per transplant hole* No more fertiliser is us€^* 

WHAT^S WR0W5? ; Urea won*t help much as a starter solution? the 
transplants need a high P fertilizer like 12-24*12, 10-20-20, 
or 16-20-0 to help their roots perk up again« The stsorber solu- 
tion isn*t meant replace the normal NP or NPK fertilizer 
application in solid form and only has enough nutrients for 
the first -few days* 



PROBLEM 9 



Juan is planting mustard, Chinese caibbage, and 
radishes in the field and is applying 3.5-^15-15 
in a band directly below the seeds but separated 
by l'» (2*5 cm's») of soil* He*s applying it at 

s*/acre) * 



ERLC 



■ the rate of 1000 kgs«/ha« (lbs 

WHAT*$ WR0KG7 : 

1* Placing an NPK fertilizer directly below the seed is 
risky at anything but very low rates; when the soluble 
N and K salts dissolve, they move upward when the soil 
dries and may injure the seeds. You could be alright 
at 250 kgs. /Ha., but seed and fertilizer should be - 
separated by 2-3" (S-7«5 cms*)* 

2. 1000 kgs«/Ha (Ibs./acre) is way too high a rate of NPK, 
especially N (much will be lost by leaching)^ Cut it 
back to about 300-400 kcrs*/Ha* 

•1. Az-'-ually, an N sidedressing may be necessary if the plants 
rhr-v N hunger signs, but that should never happen under 
r-'od manEgement* 



102 



95 



Y- GETTIMG THB MOST OUT OP PERTiLiatMt 
Faetora that Affet th> WmMMmm You'll tft 

1* B|.«lna and W>^od of ApDlleatiQa i Itefc* uvf you undwv 

staiua th« basics of fertilizer application methods 
and timing. 

2. The RlQht Wutrlant Balancai If 2 or nutrients are 

deficient slaultaneousiy Crery likely), adding only one 
may hare little effect. Check out this fertilizer trial 
On corn in a soil where both N and P were low: 



Treatment per acre Increase 

None 4 bushels 

N only 12 8 

P only 21 17 j 

M + P 58 54 -O 

In SOTO cases» an excess of one nutrient relstlre to 
another can cause uptake problenst 

A. h high ratio of potassium or annonlua to negnesium 
can cause a deficiency of Hg In susceptible crops 
like tobacco and pastures. 

B> A high ratio of K to calcium may cause a Ca defici- 
ency in peanuts. 

C. Large appilcatl(»is of P can cause iron or xinc 
deficiencies in soils where they're a.t a borderline 
lerel. 

D. A high ratio of Ca to Hg can cause Mg deficiencies. 

E. Orerllalng a soil can cause mlcronutrient deficien- 
cies (except for mpl^denum). 

F» Excess soluble copper and manganese can cause Iron 
deflclMicies and vlce-versa* (happens In very acid 
soils soaietims;. 

3. Type of Crop; Com, sorghum, short strawed rice varieties 
. sugarcane, bananas, pastures, and mosi regies are more 

likely to give good fertilizer returns than coffee, cacao, 
and most tree crops (unless they're suffering frca a real 
deficiency K Soybeans and peanuts of ton respond better 
to residual fertility than to directly epplied P and K» 

4. Variety ; Improved varieties and hybrids (if adapted to the 
area; usually give a much better response to fertilizer 
than native ones. In a fertilizer trial In India. with 
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corn, a hybrid and a local variety were compared t± the 
same fertilizer rate; the hybrid yielded. 8000 lb»./acre 
and the native variety only 2000 lbs# 

Whatever the variety ^ be sure it"s adapted to your 
area (i.e. don*t blindly use thotfe free CARE s&eds in 
the PC office- chances are that the variety isn*t well 
suited to your area). Likewise, don*t expect cool weather 
crops like spinach, potatoes, broccoli, celery^ cauliflow* 
er, peas, carrots, beets, head lettuce^ and turnips to 
yield well in hot weather. 

5, Insect Diseases ^ 2b«y*ll easily wipe out profits if 
not controlled. 

6. weeds s They rob water^ lights and nutrients and also 
harbor insects and diseases. Best time to control them 
is when they're tiny; sloppy or delayed weeding can eas- 
ily cut yields 1t)y 50% or more. 

7, Soil Limiting Factors : pH problems, poor tilths hardpans, 
poor drainage, shallowness, etc. will all lower response; 
before advising a farmer on fertilizer use, check out his 
land- it could i>e a no-vln situation. 

8. l^sture and Tem&^rature ; Adequate water is vital for 
a full fertilizer response; fertilizer dees increase 
drought resistance somewhat* Unusu«J.ly high tMiperatures 
can hurt yields, especially if they occur at pollination 
time (i.e. corn, tomatoes). 



Use the "Package" Approach ! 

Vou*ll make far greater progress raising yieldd by intro- 
ducing a "package" of improved practices rather than relying 
on fertilizer alone. The package approach not only markedly 
boosts yields compared to a on^ input strategy but also cuts 
the risk to the fanner* Improved practices have a remarkable 
way of interacting with each other; take a look at this trial 
on wheat in Mexico: 

Treatment Yield Increase 

Irrigation 5% 
Fertilizer 135% 
Irrigation + fertilizer 700% 

Any viable package must usually include an improred varietyi 
proper plant spacing and population, fertilizer uscc^ and 
control, of insects, diseases, and weeds. 
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VI. COPING WITH FERTILIZER MATH 



There's some math involved In using fertilizers? lt*s 

Straight forward but takes some practice. T&e*^ll cover th^se 
5 areas : 

1» Converting fertilizer recomnendations *from an N-P2OCTK2O 
basis to a^itual kind and amount of fertilizer(s) needed* 

2. Choo sing the most economical^ fertilizer* 

3» Mixing fertilizers* 

4» Determining how much fertil;lzer is needed per plant ^ 
Per length of row , or per an:e ,^» 

5» Converting fertilizer dosages from a weight to volxune basis. 

I* CONVERTING FERTILIZER RECOMMENDtATIONS FROM AN N-P^O^- K^O 
BASIS TO ACTUAL KIND AND'AMOUN^r OF FERTILJZEi^lS; NEEDED 

Fertilizer recommendations,, especially. those 5rom soil tests, 
are often given in terms of thie amount of N, ^2^5* need- 
e<a per acre or hectare, etc* r:*s up to you to pick .tne kind 
and amount of fertilizer(s) neede(3 to match the recommendation* 

PROBLEM #1 : Soil test results recommend that Angelita fertilize 

her com like so: ^ ^ ^««v 

C^BS* PER ACRE) 



KILOSRAMS PER HECTARE 





P2O5 


40 


50 


60 


0 



At Planting 

At knee high 
s^age: 

If the local ag store has the following fertili- 
sers on hand^ which ones should he use, and'^how 
much will it take to lover one hectare? 
Fertilizers ^ Available 

18-46*0 12-^24*12 Urea (45*0-0) 

16-20-0 14-14-14 0-0-60 
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SOLUTION : ... . 

Let^^ take th^ 40-50-0 planting recommendation first* The 
easiest approach is to pick the fertilizer whose NiP205:K20 
ratio comes closest to that of the recommendation (40*50-0 = 
1:1*25:0). You know right off that 12-24-12, 14-14-14, urea» 
and 0-0-60 won't work, which leaves only 18^46-0 and 
16-20-0. 18-46-0 has a 1:2»55:0 ratio which is. too high in 
^2^5* that would mean having to put on 102 tags* (lbs») PpOg. 
in order to supply 40 kgs. (lbs.) of N. 16-20-0 has ar 1;1.25;0 
ratio which is just what we're lo<^ing for. 

To "find out how mvjzh 16-20-0 is needed to supply 40 kgs» 
(lbs.) N and 50 kga^ (lbs*) ^2^5i divide 40 by 16% (0.16) or 
50 by 20% (0.2) which gives you 250 kgs. (atos»)» So, if Angelita " 
applies 250 kgs. (lbs») of 16-20-0 per hectare (^re) he*ll ' 
supply the 40 kgs. (lbs.) N and 50 kgs, (lbs.) P2C5 called 
for by the recommendation. 

Now what about the sidedress recommendation of 60 K:gs# 
(lbs.) N? Urea is the obvious choice, since it*s the only fer- 
tilizer on the list that has just To find ou- how much urea 
it takes to supply 60 kgs. (lbs.) per hectare (acre), divide 
60 by 45% {a.45> and youUl get about 133. kgs* (Ibs.J* 

You won't always be able to follow a recommendation exact- 
ly> since the right fertiliser might not be on hand. Anyhow, 
fertilizer recomiriendations aren't anywhere near 100% accurate* 
Do try to get within 15*?0% of the amounts recommended though* 
If you have to put on extra P to supply enough K or vice-versa, 
don*t worry; and especially aren^t readily . Leachad. 
Look at problem #2 below; 

PROBLEM 2 : Soil test results advise Ben to fertilise his toma- 
toes like so: (LBS* PER ACRE) 

KILOGRAMS PER HECTARE 
N P2O5 K2O 
A.:: transplantingr §0 lOO 40 , 

Sidedressing every 
*^ weeks 

Xf the local ag store has the following fertilisers 
on hand, which ones should he use, and how much will it 
? ta^-c^ to ccv^^r one hectare? 

Fertilizers Avai lable 

' , ■ 16-20-0 14-14-14 13-13-20 

IO^'20-^O 182-4 S-0 Ammonium sulfate (20-0-0) 

SOLUTION 1 

Let's take the transplanting recommendation first. Of the 
3 NPK fertilizers above, 10-20-iO has the nutrient ratio closest 
to that of the recommendation. 500 kgs^ (lbs.) of 10-20-10 

*1. To save spacfe^ e^ach problem is given in terms cf kgs. /Ha. 
^ and . lbs*/acre. Since there's only about a 10% difference be- 
tween them, they can. bemused interchaogeably for our purposes. 



Tot 



would supply 50-100-50 on a kgs,/Ha. {lbs./9Cre)jr - 
^^i^basis* That puts us a bit low on N and high on JCgOf but It'^s no 
big Droblem. The extra K won't leach much > and Ben can make ^ 
the first sidedressing of N a few days early to make up for 
being slightly low on the transplanting application* . 

200 kgs, (lbs#) of 20-*0-p would supply 40 Ifegs* (lbs#) of 
N for a sidedressing^ Ben ^ould put on a bit more the" first 
.time (say 250 kgs# or lbs#) to make up for the 10 kg# (lb#) 
deficit at transplanting or he could put the first iiidedressing 
on a bit earlier (like at 3 weeks}# ^ 

Ii# CHOOSING THE MOST ECONOMICAL FERTILIZER \, 

At t^mes you'll find 2 or 3 different N sources available 
and will want to know which one is the best buy* When compar- 
ing di-fferent fertilisers, what counts is tho cost per kq# or 
lb. of nutrient not the cost per sack« 

PROBLEM : Which fertilizer below is the most economical source 
of N?: 

COST IN DOLLARS 
FE RTILIZER % N ' PER 100 lbs # PER 50 kQS> 
Urea. ' 45% * $13*5a \ $14*8b 



J Ammonium 
nitrate 

Ammonium 
sulfate 



33% $11#55 . . $12#70 



21% $8^40 ^ $9»24 



SOLUTION : Trick is to finrf the cost per Ibo or )ca# of N : a IOC, 
lb# sack of urea has 45 lbs* N and a 50 kg# sick has 22«5 kgs« ' 

N so: ^ . . 

= 30«/lb. of N = 66«/kg. of N 

45-lbs# ^' 22#5 kgs# 

Ammonium nitrate works out to 35<l:/lb« of N or '^Vif/jcg* of N, 
and ammonium sulfate works out to 40a;/lb« of N or 88<t/kg- of N* 

That makes pre a the cheapest ^source of N in this case* /Usually^ 
the higher analysis fertilizer will be the cheaper due to lower 
shipping cost per unit of nutrient* / 

Other factors may be important : Even^though ainmonium sulfate is 
usually more costly per unit^of N, it does supply aiiflUl ^d 
might be the best choice on a sulfur deficient soil unless 
Another sulfur bearing fertilizer was used at planting time- On 
the other hand, it's considerably more acid than urea in its 
long term effect on soil pH (see p« 77)^ Amiiionium nitrate is 
a quicker acting N source than urea since' half its N is in the 
readily mobile q^ fcrafep form; it mig^*7 >e the best choice where 
the crop is showing N deficiency sy^^oms or when , sidedressing 
has been delayed.* 
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CAUTION : you can't compare 14*14-14 and 10»*20*lO on a co-frt 
per. unit of nutrient basis* A l:l:l ratio fertilizer may 
give better results than a 1:2:1 fertiliser or vlce^versa, 
depending on the soil and crop. Don*t try adding up the lbs* 
or kgs* of ^^2^5* ^d KoO per bag and dividing this into the 
cost; each of tne nutrienEs has a different cost per lb* or kg- 
You can compare fertilizers with the same nutrient ratio (i*e* 
5-10-5 and 12-24-12)* 



III* MIXING DIFFERENT FERTILIZERS 

PROBLEM : Suppose? you need a fertilizer with a 1;3:1 ratio, but 

the local ag store only has 14-14-14 and 0-21-0* How 

cou^d you combine the 2 fertilizers to obtaln^ a 1:3:1 

ratiO; and what would its formula be? 

■ 

SOLUTION : , 

- 100 lbs. Of 14-14-14 contains 14 ITss. each of N, P205» and 
^2^r if yo" added another 28 lbs. of using 0-21-0, youM 

end up with a 1 :3: 1. ratio mix. Divide 28 by 21% and youUl find 
that 133 lbs. of 0-21-0 will supuly the 28 lbs. of P5O5 needed. 

100 lbs. 14-14-14 = 14 lbs. 14 lbs. 14 lbs. 

133 lbs. 0-21-0 ^ 0 28 0 



233 Tbs. 14 42 14 

Hold on now, ^the formula of the mix is not 14-42-14} those 3 
nunv><:ir^ refer to how much N, ^2^5* ^2*^ lbs* of 

the r i. > not 100 lbs. To get the true formula (i#e. lbs. of 
nut";iGnts per 100 bs. of fertiliser or kgs. ot nutrients per 
100 kgs. of fertilizer), you'd have to reduce the 14-42-14 
figure down to a 100 lb. basis like so^ , 

14-42-14 4 2.33 * 6-18-6 (actual formula^ 



CAUTION: Not all fertilizers can be mixed 1 

Lime in any form should never be mixed with ammonium N 
fertilizers or urea; it reacts to form ammonia gas. Don't 
mix lime with the^ ammonium phosphates, superphosphates, or 
any mixed fertilizer containing P, because it will make 
part of the P insoluble. 

The table on the next page shows the niixing compatibility 
of common fertilizers. 
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FERTILIZER MIXING gUIDE 
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^ m Fertilizers which can be mixed* 




= Fertilizers vrtiich can be mixed only 
shortly before use» 



0= Fertilizers which cannot be mixed 
for chemical reasons* 
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IV. DETfciRMINING HOW MUCH FERTILIZER IS NEEDED 
PER PLANT. PER LENGTH OF ROW. OR PER AR PJA 



Fertilizer recommendations are usually given in terms 
of so much per acre or per hectare; you aiid the farmer are 
more interested in knowing how much fertilizer to apply 
pldn-t:.. per length of row , or per area > Here's a relatively 
easy way to work it out: 



A. AMOUNT NEEDED ?ER. AREA 

PROBLEM l : soli test results advise Miss Lee to apply 250 kgs. 
(METRIC) 16-20.0 per hectare to her com field at planting 

time. How much 16-20-0 should she buy if her field 

measures 20 x 40 meters? 

SOLUTION: Easiest way is to set up a proportion; here's 2 ways; 

WAY X : Find the plot's area in sq. meters (20 x 40 = 800 
sq. ineters)* A hectare has 10,000 sq* meters so: 

800 sq, mtSf _ X kgs* 
lOjOOOsq. mts* " 250 kgs* 

Cross multiply like so: 
10,000 X = 200000 kgs* 



ANSWER: X = 20 kgs. of 16-20-0 needed 



WAY 2: 



250 kgs* 



X kas. 



10,000 sq* mts* 800 sq. mts* 
lOCOO X = 200000 kgs* 
ANSWER: X = 20 kgs* 16-20-0 needed 

WAY 3: If you can't cope with proportions, try this approach 
Find out what fraction ot a hectare the field is, 
and then multiply that fraction by the kgs*/hectare 
dosage like so: 



The 20 X 40 meter field = 



800 



10,000 ths 



of , a hectare 



800 



10,000 



X 250 kgs* = 20 kgs* 16-20-0 needed 



♦1* Fertilizer is usually packaged in 100 Ibr, 112 lb., or 

50 kg*, bags* Miss Lee is better off buying 50 kgs. and storing 
or sharing the excess, rather than buying it in lesser 
quantities {usually a lot more expensive)* 
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PROBLEM 2 : 
(ACRE. LB, 
BASIS) 



Tom Is advised to broadcast 14-14-14 at 300 lbs* 
per acre on his stargrass pasture at the start of 
the wet season. How much fertilizer will he need 
to cover his 90 ft. x 100 ft. pasture? 



SOLUTION ; Easiest way is to set up a proportion; here's 2 ways; 
WAY 1 : 

Find the plot's area: 80 x 100 « 8000 sq« ft. 
An acre has 43,560 sq. ft., so: 

X lb Si 



8000 sq. f^. 
43,560 sq. ft. ' 300 lbs. 

Cross multiply li;ce so: 

43,560 X = 2,400,000 lbs. 

ANSWER: X = 55 lbs. 14-14-14 needed 



Xlbs. 



WAY 2 : 300 lbs. 

43,560 sq. ft. " 8000 Sq. ft. 

43,560 X« 2,400,000 lbs. 
ANSWER: X = 55 lbs. 14-14-14 needed 

WAY 3 : If you can't cope with proportions, try this approach: 
Find out what fraction of an acre the field is, and 
then multiply that fraction by the lbs. /acre dosage. 

The 80x 100 ft. field = 800 ~ ^„ 

43,560ths°^ an acre 



800 



43,560th 



X 300 lbs. = 55 lbs. 14-14-14 



B. AMOUNT NEEDED PER LENGTH OF ROW 

iVhen you apply fertilizer in a band, you'll want to know 
how much to apply per row or per certain length of row. 



PROBLEM 3 : 

(METRIC 
BASIS ) 



Moumen has been advised to apply 30-20-10 at 400 
kgs. per hectare using the band method when he plants 
his Chinese cabbage (direct field planting). His field 
measures 10 x 15 meters with the rows spaced 50 cms. 
apart (100 cms. = 1 meter) and running the long way. 
How much 10-20-10 should he apply to each 15 meter 
long row? 



SOLUTION: 



WAY 1 ; Find out how many meters of row length a hectare would 
have with rows spaced 50 cms. apart; then find out the 
fertilizer dosage needed Per , f ^ift^er of row length by 
dividing the dosage per hectare by total row length 
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per hectare. ^^ultipIy the per meter dosage by 15, and you'll 
get the dosage needed for a row 15 meters long. 

Base you calculations of a square hectare like r.o: 



100 METERS 



E^l 1 HECTARE 



L 



TOTAL ROW LENGTH PER 
HECTARE a number of 
rows per hectare X 
their length - 



To find the total row length in a hectare with 50 cm. rows: 

50 cms. ^ 0*5 meters 

Number of rows/Ha. = 100 = 200 rows 

0.5 • 

Each row is 100 meters long so total rcw length is: 

200 rows X ICO meters = 20,000 meters of row length 

AMT. OF 10-30-10 NEEDED PER METER 400 kas . n o i, ^ 

20,000 mts* * 0.2^kgs* 

20 grams 

AMT. NEEDED PER 15 METERS OF ROW = 15 :<. 20 grams =: 300 grams 

HELPFUL HINT : Instead Of having to deal with decimal places, 
start out by changing the original kgs./hectare 
dosage to grams per hectare by multiplying by 
1000 {i,e. 400 kgs. x 1000 = 400,000 grams). 



WAY 2 : As in Way 1, start out by finding the total row length 
per hectare, ana then set up a proportion like so: 

X orams 



WAY 3 
20 



15 mts. row length _ 

20,000 mts. row length ~ 400,000 grair.c 

Cross multiply and you'll get: 

20,000 X« 6,000,000 grams 

X K 300 grams per 15 mts* of row length. 

■^Ln^^Z ^"""^ ^^^"^^^^K X 400,000 grams = iOO grams 
,000 mts. row length ' ^ ^ 
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WAY 4 : Find out how much fertiliser is needed on the area 
' involved (in this casBi 150 sq# meters): 

meter plot* 

Then find out how many rows the plot has by dividing plot 
width by row spacing:" 

10 meters - 
0.5 ^ters " ^0 rows 



Finally, divide the plot dosage by the number of rows: 

iOOO Qr^ 
20 rows 



^?S^^-^f^ - 300 grams 10-20-10 per 15 meter row 



AN IMPORTANT POINTl : As long as you know the fertiliser dosage 

in terms of amount per hectare^ y9U don*t 
ne^d i^fi know how bl^ Mougten*s nlofc ±s^ 
All you need bo know is the ^Qy ^pAf?inq^ 
Howeverj if you want to know how much fer- 
tiliser he*ll use on his plot, then you 
need its dimensions* 



PROBLEH 4 : pora is advised to apoly 250 lbs* per acre of 
^.ACRE. LB# 16-20-0 in a band >whe~n she plants her grain sorahuio* 
BASIS) She tells you her rows will be 12C ft* long and 3 

ft# wide and wants to know how much 16-20-0 to 

apply per row* 

solution : 

WAY 1 : Since the dosage is given in lbs«/acre, find out 
how many feet of row length an acre would have with 
rows 3 ft» apart; then find out how much fertiliser 
is nee<^ed per foot of row length by dividing the 
per acre dosage by total row length per acre* Pinallyj 
multiply by 120 to find out how much fertiliser is 
needed for a row 120 ft* long* 

Base your calculations on a square acre like this: 



^^^^ 



(Actually! ail 
acre is closer 
to 209 ft* on a 
side, but it*s 



much easier us- 



ing 210* , and the 
error is very 
tiny*) 




TOTAL ROW LENGTH PER ACRE 
number of rows/acre X 
■their Xength . . . 
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Total row length/acre = number of rows/acre X their length 
Number of rows/ acre >■ 210 ft» 



3 ft< 



« 70 rows 



Each cow is 210 ft* lontj so: 70 rows x 210 ft* » 14,700 ft. of 

row length per 
acre 

Now find the amount of 16-20-0 needed per foot of row, but 
first convert the 250 lbs. to ounces to avoid messing with 
fractions of a pound* 250 lbs* x 16 » 4000 oxwices 

4000 OZ« f. y^. ^, 

14,700 ft. oz./ft* of row 

120 X 0.27'o2. « 32*5 oz. of 16-20-0 per 120 ft. of row 



WAY 2 t As in Way 1, first find the total row length per acre, 
and then set up a proportion like so: 

120 ft. row length X 
14,700 ft* row length ° 4000 02* 

14,700 X 480,000 02* 

X 32*5 oz. 16-20-0 needed per 120 ft* row 

WAY 3 : 

1 20 ft. roy lenqth ^ 4000 02* = 32*5 oz* - 
14,700 rt« row length 



AN IMPORTANT POINT! 



Note that you didn't need to know the 
size of Pora*s fi^ld to work this prob- 
lem* All you need is the dosage per acre 
and his row spaclno * As long as her rows 
are 3 ft. apart and she applies 32.5 oz. of 
16*20-0 per 120 ft#, she'll be applying 250 
lbs* per acre no matter what her field size 
or shape* In this case, Pora's field size 
is needed only for figuring out how much 
total fertilizer she'll need. 



IV. AMOUNT HESDED PER PLANT (OR PLAMT GROUP) 

When using the half^circle or hole method of placement, 
the farmer will want to know how much fertilizer is needed 
per plant (or group of plants if in a "hill'*>« The trick is 
to calculate the number df plants you*d have in a hectare or 

acre, etc* and then divide this into the fertrriar^"dos^g^e 

per hectare, acre, etc* 

As in thf> last section, you're better off converting kgs* 
to grams and lbs* to oz* right at the start to avoid lots 
of decimal fractions* 
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PROBXiEW 5: Soil tests advise Lam to apply 600 kgs» of 12-24-12 
ti^i2^''l*-:C per hectare when he transplants his tomatoes; his 
3A*:1S rows are 1 meter apart with SO cms» between plants 

in the row. He*ll use the half circle method and 



wants to know how much 12-24-12 he should apply 
per plant. ^ 



SOLUTION: 



Base your calculations on a square hectare (100 meters x 
100 meters. 

j^^T* 0? FERTILIZER/PLAN^ ^ Fertilizer Dosage/Hectare 

Rows/Kectaro x Plants/Row 

Hows/hectare ^ 100 meters 100 rows (each cne is 100 mts. 

1 meter long) 

Plants/row = 100 meteyrs » 125 plants 
0.8 mts. 

IJS plants/row x 100 rows « 12,500 plants/hectare 
600 kgs. 12-24-12 * 600,000 grains 

^l1;5Q0 pir.^ " 4® grains 12-24^12 per plant 



PROBLEM 6: Suheyla is advised to apply 300 lbs ./acre of 
tACRE^ LB. 14-14-14 at corn planting time. She'll plant 3 
basis) seeds/hole, space her rows 40 inches apart, and 

make the seed holes every 24 inches In the row. she is 
minq to make a separate hole for the fertilizer 
next to each seed hole and asks you how much 
14-14-14 each fertiliser hole should receive. 

SOLUTION : (Use a square acre of 210 ft. x 210 ft.) 

Find out how many seed holes an acre would have at 
this 40" X 24" spacing and divide tha-c into the per acre 
fertilizer dosage. 

seedsholes/Acre « rows/acre x seed holes/row 

63 rows (P.S. 42*» =i 3.33 ft.) 



rows/acre ^ 210 ft. 

3.33 ft. 



5;eed holes/row = 210 ft. ^ 105 seed holes/row 

2 fto 



63 rows X 105 seed holes/row 
300 lbs. X 16 ^ 4800 oz* 



6615 seed holes/acre 



4800 



6615 seed holes 



-^_ahoutLJi/4^ oz* 14-14-14 per seed group. 



Mlxlnc Acres and Centimeters ; Wc problem since an acre Is close 
to 4000 sq. meters; If spacings are given meters and centi- 
meters, base your figuring on a 50 x 30 rneter acre* 
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A Special Note on the Central American ''MANZANA" 



In most of Central America, the "Manzana" (1*73 acres 
or 0*7 hectares) is the standard unit of land measure* It 
contains 10,000 sq* "varas" (one vara » 32»8'*) or.^ about 
7000 sq* meters* Here's a couple tips for wording" with fer- 
tiliser recommendations on a lbs*/manzana basis: 

1* If row spacings and plant distances are in terms 
of "cuartas" (4 cuartas * 1 vara) and varas, use a 
square man2:ana with 100 vara sidtts for determining 
row length/mz* or plants/mz* For example, if JUan 
spaces his corn rows 5 cuartas apart, he*d have 8000 
varas of row length per manzana (80 rows x 100 varas)* 

2» If row spacings and plant distances are in terms 
of cms* or maters, use a rectangular manzana neasur-^ 
ing 70 x 100 meters * For example, if Thomba plants 2 
corn seeds per hole with 50 cms* between holes in" 
the row and 1 meter between rows, he*d have 14,000 
seed holes per manzana (140 holet/row X 100 rows)* 



V» CONVERTING FERTILIZER DOSAGES FROM A WEIGHT TO VOLUME BASIS 



It's not much help telling your farmers to apply so many 
grains or oiinces of fertilizer per length of rw or p©r plants 
They'll want to know the dosage in terms of tablespoonfuls, 
handfuls, or other volume measurement like a tuna fish can 
or juice can* The different fertilizers vary a lot in their 
weight per volume or weight in relation to water (1 c*c» of 
water weighs 1 gram, 1 liter of water weighs 1 tcilo, 1 U*S* 
gal* of water weighs 8*3 lbs*)* 

The most accurate way to convert fertilizer dosages, from 
a weight to volume basis is to use the local pharmacy* s or 
post office's scales to determine the density of the par- 
ticular fertiliaer* If no scales are available, use the 
table below, although a fertilizer's density will vary with 
the brand* 



FERTILIZER 

Ammonium sulfate 
& Superphosphate 

NP, NPK fertili- 
zers, potassium 
chloride^ 

Urea & ammonium 
nitrate 



1 Level 
115 c^Co) 



Tbs» 



APPROX* WEIGHT OF 
100 c*,c. 



0*6 



OZi 



17 g. 



O4.5 oz«, 14 g* 



0*4 0Z1 



11 



lie g, 



100 g» 



80 g» 



1 Cup 
f8 fl. oz.) 

9»5 oz^, 270 grams 



8*0 oz*, 225 g* 



6.S oz», 185 g» 
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109 



VII. FERTILIZER GUIDELINES FOR SPECIFIC CROPS 



This section giv«s specific 
the following crops: 

Corn (maize) 

Sorghum (grain & forage) 

Rice 

Beans 

Soybeans 

Peanuts 



fertilizer guidelines for 



Cassava (manioc, yuca) 

Sweetpotatoes 

Potatoes 

Vegetables 

Pastures 

Coffee 

Bananas 



CORN (MM2E) 



Some Important Facts on Corn You Need to Know 

Dependihg on variety and temperature, corn reaches Dhvsio- 
logical maturity (i«e* the kernels cease accumulating starch, 
protein, fat, and minerals) in about 90^-130 days in the 0- 
3000 ft* zone of the tropics but may take up to 8^12 jnonths 
at high elevations (7000 ft* on up)« At this stage, kernel 
moisture has dropped to around 30-35% i4iich is still toohigh 
for mold<-free storage* Kost small farmers let the corn con- 
tinue drying on the stalk In the field for several weeks be- 
fore harvesting* Some supplemental drying by sun or grain 
dryer may still be needed? a 12*13% moisture content is necessary 
for safe storage of shelled grain, ^ile ear corn can be put 
into, a properly designed crib at 24^-28% moisture* Storage 
insect^ like weevils and grain moths are an ever-present 
problemN^d can controlled by f\imigation or coating kernels 
with spectal/dlisect 

A large e^r of corn may have 1000 kernels, but a normal 

ear has about 5b<]^^600* The shelling percentage is about 80% 
(70 lbs. of ear corn yields about 56 lbs* or 1 bushel of 
shelled grain). x 
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Growth stages : In the 0-3000 ft. zone of the tropics, it 
takes about 50-70 days from seedling emergence to tasseling 
and about 50-60 days from tasseling to maturity (varies with 
Variety aand temperature)* About 1-2 days before pollen shed, 
the tassel is thrust out of the leaf vrtiorlj pollen shedding 
begins 2-3 days before the silks emerge from the ear and 
continues for 5-8 days. Corn is cross-Dollinai!^ d (95% or 
more of the kernels on a cob are pollinated by other plants )• 
Under favorable conditions, all the silks will emerge within 
3-5 days, and most will be pollinated immediately. Shortage 
of pollen is rarely a problem} poor ear fill or skipped ker- 
nels are almost always due to delayed silk emergence or ovule 
abortion, both of which are caused by drought, overcrot-jding ^ 
or a shortage of N or P. 

Pollination is a very critical time with a high demand 
for water and nutrients, especially N« Nutrient and water 
use is heavy from about 3 weeks before to 3 weeks after 
pollination. 

Yields : Average yields of shelled grain (14% moisture) under 
varying conditions are shown below: 



Top farmers in 
U.S. Corn Belt 



U.S. average 

Average yield in e5o-i250 
developing countries 



Lbs # /Acre ^Hectare Lbs»/Manzana 

9000- 12,000 + 10,000-13,500+ 15,500- 21,000 
5000 5500 8500 

950-1400 1500*2200 



Fertilizer Response 

When starting from a low base like 850-1250 lbs. /acre, 
yields of shelled grain should increase by roughly 50-100 
lbs. for each 2 lbs. of N + 1 lb. of Po^S ^PP^i®** i£ moisture 
and other nutrients are adequate and there are no serious 
limiting factors as far as insects, diseases, weeds, pH, 
soil drainage, and depth| use of a suitable improved variety 
or hybrid and an adequate plant population are important* 
this yield response formula applies to NPK rates within the 
**low**, **mediura**j and **high** ranges of the table on p» 89 

EXAMPLE : You set up a fertilizer demo on corn; the fertilized 
plot receives a total of 80 lbs. 40 lbs» Pj^S* 
and 40 lbs. K 0 and yields 25 00 lbs»/acre, while 
the unfertilized plot yields 1500 lbs«/acre« Should 
you be satisfied with the r^^sponse? 

SOLUTION : According to the response formula, 80 lbs* N and 
40 lbs. ^o^c should have increased the yield by 
2000-4000'^lSs#/acre for a total yield of 3500 (i#e# 
1500 + 2000) lbs» to 5500 (1500 + 4000) lbs»/acre» 



•1, On a metric basis, e^ch 2 kgs» N + 1 kg» P2O5 should 
increase yields 'by 50-100 kgs^ of shelled grains 
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since only a 2^00 lbs •/acre yield wa^ obtained, one or 
more- limiting factors were present* \ _ 

M^P^K weeds ^ 

Use the table on 89aqtia guide* Corn tod other grass 
family crops like sorghum, rice, wheat, and pasture grasses 
are more efficient potassium extractors th2ai Aost other 
crops* On many loamy to clayey soils of volcanic origin^ 
little or no K may be needed, but send in a soil sample to 
make sure* Studies have shown that corn utilizes banded 
or hole placed P (see p*d4) efficiently up to about 50-60 
lbs*/acre (1cgs*/Ha*) of ^^^^ 

Sulfur^ Calcitim^ and Mtonesiua r Sulfur deficiencies are rare 
in corn but most likely in coarse textured soils under high 
rainfall, in volcanic soils, or in cases where low sulfur 
fertilizers have been used for several years (see p*76)* 
Magnesium deficiencies are uncommon also ^cept in very 
acid soils (see p* 47 )• Calcitim deficiencies are very rare 
and only occur in verv acid soils (see p«47)« 

Mlcronutrients ; Except for s^nc ^ corn isn't especially 
susceptible to micrbnutrient deficiencies (zinc, cqpper, 
iron, manganese, boron, molybdenum)* Such deficiencies are 
most likely to occur above a pH of 6*8 (except for Ho) or 
in sandy or organic soils (peats, mucks)* Large applications 
of P may lower zinc uptake below tl^e critical level in low 
zinc soils* To conflrn zinc deficiency, spray 10*20 plants 
with a solution of 1 teaspoon zinc sulfate in one gallon 
of water plu& about a teaspoon of liquid detergent as a 
wetting agents If zinc is deficient, new leaves will be a 
normal green when they emerge* Sen p*82 for ballpark micro- 
nutriment rates* 

Hunger Signs in Corn : See pp* 155-159* 



Application Guidellnes-^^r ^gom- 

Apply of the total N at planting along with all 

the P and sidedress the remaining N at lonjeep-high stage* 
Under high rainfall, especially with sandy soils, apply no 
more than 1/3 the total N (but at least 25 lb*/acre ) at \' 
planting; if leaching losses are likely to be high, 2 N 
sidedressings may be needed (1/3 of total M at knee high, 
1/3 of total N at silkiog)* Leaching losses of K can be 
a problem under these conditions, and you may want to make 
2 applications (at planting and knee-high)* 

1st Application ; Use anW or NPK fertilizer with a ratio 
that allows you to put on all of the P and K but only 1/3- 
1/2 of the total N* Apply the fertilizer at planting time 
using one of the band or hole methods on p* 84 « Don*t 
broadcast the fertilizer* working with furrow irrigated 
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soils, check over the placement; guidelines on p«89 • 

Sidedressinq : When making one N sidedressingi knee-high stage 
is the best time* Use a straight N fertilizer like urea^ 
ammonium nitrata, or ammonium sulfate* Ammonium nitrate is 
ideal when sidedressing has been delayed or to cure N hunger 
signs since half its N is already in the mobile nitrate form: 
howeveri leaching losses might be higher than for other ammonium 
type fertilizers* Deep placement oj£ the sidedressed K is not 
only unnecessary but might result in prurfing the roots* Try 
to get it down about V-l** deep (just enough to prevent it from 
being washed away by heavy rains If the ground is sloped) $ alsO| 
urea, will lose some N as ammonia gas unless covered by a bit 
of soil* By knee high stage^ the roots have usually reached' 
the row middles^ so placement of the fertilizer right down 
the row middle is fine and just as effective as ^closer place** 
ment* When usii^ furrow irrigation^ the fertilizer must be 
placed below the high water line to avoid the N being carried 
upward and away from the roots by capillary" water movement* 

Use the **PaCkaqe Approach'^ 1 

Don*t expect fertilizer use alone to markedly increase 
corn yields* It usually takes a ''package** of improved prac- 
tices to do the tricky and this includes use of & suitable 
Improved variety or hybrid^ control of insects^ %feedS| and 
diseases^ the right plant ^population and spacing^ and good 
storage practices* ^ ^ 

Some Guidelines for Plant Population & Spacing 

RECOMMEKDED PLANT POPULATIONS 
Per Acre Per Hectare 

Low fertility and/or moisture 5000- 10,000 12,500- 25,000 
Adequate fertility & moisture 14^000 - 18,000 35^000 - 45^000 
Adequate moisture, high fer*- 

tility lbs* N/acre), 19,000-24.000 47,000-60.000 

top management, and use of an ' ' ' ' 

improved variety or hybrid 
adapted to high populations* 

To achieve these populations^ you'll need to overplant by 
15-20?^ to allow for germination losses, etc* 

Corn has a lot of buffering ability when it comes to 
PK^pulatioh* A population 40% below optimum may only lower 
yields by 15->20% or so, since the plants respond to the 
greater amount of space by producing more and/or larger ears* 

Ear Size is a good indicator of how adequate the plant 
population was for the growing conditions* Ory, husked ears 
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weighing more than 10-11 ounces (280-300 graaiA) usually 
mean that plant populsition was too low and that yields might 
be 10-20% higher. However, overly high plant populations 
increase lodging (tipping over) and are likely to produce 
weaJc stalked plants with small ears* E^r siase of prolific 
varieties (those producing more than one ear per plant) von*t ^ 
vary as much with population as with single eared varieties; 
instead, the number of ears per plant will decrease as popu- 
lation increases* 

Plant Spacing ; Many small farmers plant 4-6 seeds per hole 
with the holes a yard or more apart* This greatly cuts down 
the labor of hand seeding, but yields suffer since the plants 
compete for water, light, and nutrients within a small area* 
A good compromise is to plant 2 deeds every 3€*-18** (40-45 cms*) 
or 3 seeds every 24-27** (60-68 cms*) with rows 36-40** ^art» 
That'll -give you about 15,000-18,000 plants/acre (37,000- 
45,000/HaL») as a final stand* 



GRAIN & FORAGE SORGHUM 

Grain sorghum plants look a lot like corn when young; the 
plant produces semi-round seeds about an 1/8". size on a jseed head 
rather than an ear^ Sorcfhum la jq gp^ r^rig^ATT^ to At -^ngh*- ^^q^ 
high heat than corn yet also more tolerant of poor drainage* 
It owes Its drought resistance to an extensive root system, 
a relatively small leaf area per plantt and its ability to 
go dormant during periods of moisture stress* Grain sorghum 
varieties are usually short i3-^5 ft while forage types are 
taller and more leafy with sweeter stalks* 

Grain sorghum matures in alDOut 90-120 diays in the 0-3000 
ft* zone of the tropics* Some native varieties are sensitive 
to day length and won't mature until the shorter days of October 
(April /below the Equator) no ipatter how early they're planted* 

Forage sorghums and many grain sorghums will produce several 
cuttings of forage or grain from one planting; new stalks will 
sprout from the base of harvested plants* 

Leaves and stalks of young sorghum plants contain poison* 
ous hydrocyanic acid (prussic acid)* Cattle Sftd^heep are ^ 
very susceptible to poisoning though horses apd pigs seem tio 
be immune* 

Grain sorghum yields approximate those of corn when moisture 
is adequate, though high rainfall and humidity promote graJin 
rot (using open headed varieties helps)* Sorghum will outyield 
corn considerably under low moisture conditions* 
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During the 6 month rainy season, small farmers in El'"Sar^ 
vador have harvested 3 cuttings of -foraq**^ Sf^'T^^VrB sorghum- 
Sudan crosses) for a total wet weight yield of 43 tons/acre 
(75; tofts/manzana, 96000, kgs,/Ha,)» Best time tp harvest tn 
terms of nutritive value and yield ia at the early heading 
up to the soft dough stages 

Fertilizer Guidelines 

The NPK needs of sorghum are similar to those of corn'» 
Sorghum is especially sensitive to Iron deficiencies which ^ 
are most common above a pH of 6,8» Deficiencies can be 
treated by applying 10-15 lbs» of ferrous sulfate per acre 
(10^15 kgs./Ha.) in 20-^50 gals, of water (use a ^wetting a^ent 
to enhance uniform coverage) per acre 10-15 days after seed- 
ling emergence; repeat in about 1^0 ^ays if symptoms persist* 
See p. 155 for hunger signs in sorghum. ^ * ^ ^/ 

Sorgh\im seeds and seedlings are more easily burned by 
fertilizer than corn so avoid fertilizer contact with seed. 
Follow the NPK guidelines on p. ^9 ^ and use the same appli** 
cation methods ^ as for corn* If harvesting more than one 
cutting from a jingle planting, apply all the P and K at 
planting tim^ ^aXong with about. 30-50 lbs* N/acrc; sidedress 
another 50-70 thsm N/acre 30 days later; after each cbttlng 
apply 30-50 >bs# N/acre followed by a sidedressing of 5.0-70 
lbs» N/acr#^25 days, later* 



RICE 



Rough rice (includes the hull) yields average about 5500 
lbs. /acre (6000 kgs»/Ha») in the developed countries but only 
nbout 1400 lbs/acre (1550 kgs./Ha.) in the developing countries^ 
Ye± yields as high as 11000 lbs#/acre (12,500 kgs#/Ha#) have 
been obtained in both areas* 

) 

\ . 

Rice matures in about 110-150 jdays, though some native 
varieties may take 6 months or ipore* 100 lbs» of iough.rice 
after milling will yield: 64-68 lbs» whole and broken kernels, 
20 lbs, hulls, 10-13 lbs* rice bran, and 3-4 lbs* rice polish 
(a mixturq of the ir^ncfr bran layer with some of the starchy 
interior plus part of the germ)« 

Lowland (Flooded) vs# Upland (Dryland) Rice 

Dryland rice, relies entirely on rainfall or periodic 
irrigation for moisture and is grown mainly on clayey soils 
with slow subsurface drainage where a high moistur^e content 
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can be maintained* However} flooded rice yields are usually 
50-60% higher than dryland yields becauM: 

\ 

1« Flooding provides a more ideal environment for 
the roots* 

2* It increajses the availability of certain nutri*' 
entSf especially phosphorus* 

3* It. helps control weeds* 

The catch Is that flooded rice production requires level 
land, plenty of water, a system of canals and dikes, and 
soils impermeable enough to maintain a 2-^6** layer of water 
over them without excessive leaching* 

High N Response vg_^ Low N Response V^xietlea 

Nearly all the native tropical varieties of rice are 
low N reapftna<^ varletlg^ which are tall growing ^over 5 ft«) 
and leafy} they respond to increasing rates of N by growing 
still taller and producing more^^tillers (stems from the same 
plant)* This causes losing (tipping over) plus a mutual 
competitive shading of the added tillers which cuts down the 
nuinber of seed hearts* Such varieties seldom respond well to 
more than 20-30 lbs* N/ acre* ^ 

Most of the temperate zone varieties are high N responders 
and are short strawed (3-43i ft*) with a high ntunber of seed 
producing tillers* Many of the Improved tropical varieties 
are crosses between the 2 types and show a profitable response 
to up to 100 lbs* N/acre or more without lodging • 

T panspl anting vs* Direct Planting 

In the tropics, rice is most- commonly started out in a 
nursery seedbed and then transplanted to the field 2O->30 
days later* Transplanting gives the plants a Jump ^on waed8,\ 
makes it easier to raise healthy seedlings in a confined 
spape, and allows optimum plant spacing In the field* On 
the other hand, direct seeding speeds up ma^rity by 7-10 
days and eliminates the labor involve4 in caring for and 
transplanting the seedlings* However, direct seeding allows 
more opportunity for rat and bird damage and makes weeding 
difficult If the broadcast method of seeding is used (tune- 
less herbicides are available and cost feasible)* 

Kutrieat Ngeds of Rice :;. N needs depend 6n whether a low N ^ 
or high N response variety is used* The P needs of rice areX> 
xmusually low compared with otheif grain crops} dr:jO>and rice 
often gives more of a response to fertilizer P than flooded 
rice since flooding increases P availability* PgOe rates 
on flooded sojlTls seldom exceed 40 lbs*/acre (kgs*7Ha*)* , 
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Responses to added potassium are most Ijkely on sandy soils* 
The rice straw itself contains about 80*-90% of the plant's 
total K so returning the residues to the field is a good way 
to recycle K (this is also true of most crop. residues)* _ 
darv and micronutrlgnt deficiencies are uncommon, although 
iSiSSi hunger is occasionally seen above a pH of 7o0* 



Placement and Timing 6f Fertilizer 

Pryland Rlce t Apply an NP or NPK fertiliser at or shortly 
before planting (dryland rice is direct planted) ♦ If applied 
before planting, it can be broadcast and then harrowed or 
plowed into the soil* When applied at planting, it can be 
placed in a band slightly below and to the side of the seed 
row. Deep placement of P and K isn't necessary with rice slji«« It 
has a lot of roots very near the surface* Apply about a third 
of the N at planting and sidedress the rest about SO days 
later* Total N rates can go as high as 100 lbs*/acre (kgs*/Ha*) 
when using improved varieties* 

Transplanted Flooded Rlcet Most seedling nurseries aren't 
fertilized, but you can try applying about 40 grams 12*24-12 
or equivalent per sq. meter (broadcast it and rake it In 
lightly). 

An NP or NPK fertilizer should be broadcast and harrowed 
in shortly before transplanting* Urea or an ammonium N 
fertilizer should be used and placed about 2** deep to avoid 
N loss by denitrification or leaching (see below)# Most 
of the ^^ can be applied at planting, followed by the remainder 
about 60 days before harvest; for short maturity varieties 
that are N responsive, all the ^ can be applied at planting 
on clayey soils* 

Placement of N under Flooded Conditiona l It*s important to 
remember that urea or an ammonium fojrm of N should be used 
with flooded rice and placed about 2** deep to avoid losses 
by denitrification (conversion to nitrogen gas) or leaching* 
That's because a flooded soil has two layers: one with oxy- 
gen (aerobic) and one without oxygen (anaerobic)* Him aerobic 
layer is confined to the top quarter inch of soil, and below 
that is the far larger anaerobic layer* Ammonium forms of N 
and urea (which gets converted to ammonium) are held by the 
clay and humus particles; nitrate N is readily leached* If 
ammonium N or ure& is placed in the aerobic zone, there's 
enough oxygen for soil bacteria to convert the fertilizer into 
nitrate (NO3). The nitrate then leaches d6%m into the an- 
aerobic zone where oxygen hungry bacteria steal the oxygen (0) 
from the NOT and convert it into nitrogen gss (M5) which is 
lost to the atmosphere* However, if the ammoniuu N or urea 
is originally placed in the anaerobic zone, it* 11 remain as 
ammonium and be kept from serious leaching; the ammonium N 
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(NhJ) doesn*t contain oxygen, so there's no danger of denitri- 
ficltion* 



When applying N at planting time to direct seeded lowland 
rice or at transplanting time to lowland rice, the soil should 
be flooded within 3-4 days ta prevent ^cesslve conversion of 
ammonluin N to nitrate due to ncn*-floode<l aerobic conditions* 

Numerous studies have shown that broadcasting N ferti- 
lizer over the water is only about half as effective as 
placing it a couple Inches deep in the anaerobic zone* 

An important point about urea is that it's mobile until 
it's been converted to ammonium (takes a couple days) and 
this requires oxygen; hold off refloodlng for a couple days 
after application to allow the conversion to take place* 

In very acid, highly leached soils low In iron, ammonium 
sul£ate may cause a toxic accumulation of sulfjlde \inder flood- 
ed conditions* 

Pertiliiser use on flooded rice is pretty technical as 
you can see^ so be sure and consult reliable sources of 
info in your coxintry* 



Field beans (kidneyf navy, pinto, etc*) and other types 
like cowpeas andv mung beans contain around 22-26% protein 
and are an important source of this nutrient In most Peace 
Corps countries* Average yields in most developing countries 
are around 600 lbs*/acre (650 kgs*/Ha*} but this could be 
doubled or tripled using Improved practices and varieties* 

Although they* re legumes, beans vary a lot in their nitro- 
gen fixing ability* Cowpeas and m\ing beans are fairly efficient 
as long as the proper strain of Rhizobia bacteria is present 
in the soil; only aro\ind 25 lbs*/acre (kgs*/Ha*) of N is 
usually recommended as an at-planting application with no 
further sidedressings* Field bean types are less efficient 
N fixers, and rates of 40-60 lbs* N/acre (kgs^/Ha*) are 
usual (in high rainfall areas sidedress about half the N 
about a month after planting)* Occasionally, it may be' 
necessary to innoculate cowpea or m\ing bean seed with the 
proper Rhizobia (see "peanuts) If cowpea Rhizobia family crops 
haven't been grown on the isoil within 3 years (i*e* mung 
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beans, peanuts, cowpeas, iima beans, Crotalaria)* 

Phosphorus rates for beans are usually In the 30-40 Ibs^ 
PpO|,/acre (kgs./Ha*) range, while potassium rates range from 
0-40 lbs*/acre (kgs»/Ha») of K20» 

Beans are sensitive to manganese and al^ng deficiencies 
which are most likely to occur at pH*s above 6«8« S0« p« 82 
for control • On the other hand> manganese toxicity becomes 
increasingly likely at pH*s below 5»5# 

Vfhen applying an NP or HPK fertilizer at planting, use 
the band method but avoid fertilizer contact with the seeds 
(beans are especially sensitive to '^buyn") . 



aOOfBEANS 

Mature, dry soybeans range from 14->24% In oil and 30*45% 
in protein (usually, the higher the oil content, the lower 
the protein). In the Western Hemisphere, soybeans are grown 
mainly for their oil which is used in cooking, margarine, 
and Industry* Many of the high yielding varieties are also 
high in oil and not very palatable for humans* The soybean 
meal which remains after oil extraction (done by crushing 
or with solvents) is an inqportant high protein feedstuff 
used in pig and poultry rations* Ray soybeans have a trypsin 
inhibitor {(trypsin is an enzyme needed for protein digestion) 
which firs|k must be deactivated by heating before they can 
be used for food or feed; this is done during the manufacture 
of soybean! meal • 

Soybean varieties are extremely photoSftnsltlve in that 
flowering and pod formation are stimulated by short day lengths. 
If a variety is moved to an area of shorter i^ay length (i*e* 
toward the! Equator ) , flowering and pod formationr ]wlll begin 
while the plants are still small, and yields will be poor* 
Many soybean varieties grown in the tropics comt from the 
Southern U;s. since day length differences aren-t serious, 
.1 

The average soybean yield In the U«S# is about 1600 lbs# 
acre (2000 kgs»/Ha», 3000 Ibs*/manzana)* Yields of 2500-3000 
lbs. /acre are common* A realistic yield goal for the tropics 
would be about 1800-2400 lbs/acre (2000-2700 kgs*/Ha#)* 

Fertlllger Guidelines 

Soybeans are an efficient N fixing Iegume« Fertilizer 
N usually gives no response to properly nodulated soybeans* 
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Some soutx:es reconunend applying a small amount of N fertilizer 
at planting (25 lbs#/acre) to get the plants off to a good 
start until the Rhizobia start functioning but this isn*t 
universal* 

Soybeans grow best within a pH range of 6«0-7«0# Here 
acid soils depress the activities of the soybean strain of 
Rhizobia and can also cause manganese and aluminum toxicities 
as well as molybdenum deficiencies (Mo is also needed by 
the Rhizobia) # Above a pH of l^Of P and micronutrient de- 
ficiencies (except Mb) are more likely# 

Soybeans respond well to P and K on soils low in these 
nutrients; response is much less lilcely i£ soybeans follow 
a well fertilized crop# Rates of ,20-60 lbs#/acre Oc9s#/Ha#) 
of PoOc are common* Soybeans^ are heavy K users and rates 
range from 30^100 lbs#/acre Xkgs#/Ha#) of K^O* Soil test 
to get a better idea# 

P and K should be applied in a band at planting time 
about 2** (Scm8#) below and 2** to the side of the seed# Soy^ 
beans are very sensitive to '•bum'* so don*t place fertilizer 
tftth the seed (it will also kill the Rhizobia on innoculated 
seed)# 

Although sensitive to manganese toxicity (common below 
a pH of 5 #5), soybeans often suffer manganese deficiencies, 
at pH*s above 6#5# Best way tacontrol Hn deficiency is to 
spray the plants with 10 lbs# ^ manganese sulfate in 15*40 
cals# of water per acre# You can apply 25 lbs#/acre of man- 
ganese sulfate mixed with the P and K you apply at planting ^ 
in a band# Use a wetting agent when applying )fo to the leaves 
(like 2 tatolespootts liquid detergent per 4 gallon backpack 
sprayer tankful># 

M61:ybctenum is needed by both the plants and the Rhizobia, 
but deficiencies only occur on acid soilst Liming the soil 
to a pH of 6#0 will usually correct problems* Instead of 
liming 9 the seed can be treated with molybdenum at the same 
time it*s innoculated# Add 1/2 oz# (15 grams) of sodi\im or 
aimnonium molybdate to 1 cup (240 c#c#) hot water and then 
add a few drops of syrup or molasses# Cool and then mix 
the solution with 60 lbs# of seed; then add the innoculant 
and plant the seed as soon as possible* 

Magnesium deficiencies are only likely belbw a pH of 6#0# 
Liming with dolomitic limestone to a pH of 6#0*6#5 will cor*^ 
rect problems* Don't raiie the pH above 6#5 or you may pro- 
mote manganese deficiencies* 

seed Innoculation : Soybeans require a very specific strain 
of Rhizobi ,^ bacteifia* Unless soybeans h^/e been grown on 
the same soil within a year or two and were known to be 
properly nodulated (see under peanuts )9 the seed should be 
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innoculated with soybean StiXsQhL^* The Innoculant ia a dark 
colored dried powder which contains the living bacteria and 
comes in a sealed package (check the es^iry date)* The seed 
is placed in a basin and moistened with 'water to help the 
innoculant stick (adding a bit of molasses helps too}| and 
the correct amount is mixed with the seed* The seed should 
be planted within a few hours; avoid exposing it t:o sunlight 
for long or the bacteria may be killed* Be sure the innoculant 
you use is specifically for soybeans* You can examine plants 
for proper nodulation about 3^4 weeks after planting (see 
under peanuts)* 



PEANTJTS 



Naturei shelled peanuts contain about 40-48% oil and 
25-30% protein* One ton of cleaned but unshelled peanuts 
yields about 530 lbs* of oil, 820 lbs* of meal, and 650 
lbs* of shells* Peanuts mature in 3-5 months and prefer 
well drained soils that aren*t too clayey (the peanut •♦pegs'* 
have difficulty entering hard clayey soils)* Average yields 
in Peace Corps countries are about 600-1000 lbs •/acre wOO- 
1100 kgs*/Ha*)* With improved practices, yields of 1500-2000 
lbs*/acre (1700-2200 kgs*/Ha*) are very feasible and can run 
as high as double that* 



Fertilig^r Needs and Application Methods 

The peanut is not re^ly a nut but a leguye (seed in a pod)* 
If the right strain of Rhlgobia is present, they require little 
or no Studies have shown tnat a light dose of 20-30 lbs* 
N per acre (kgs*/Ha*) at planting helps the young plants along 
during the period when the Rhiaobia haven't yet started to 
fix Nc 

Seed Innoculatlon ; Seed should be innoculated (see under soy- 
beans) if peanuts, cowpeas, lima beans, or erotalaria haven't 
been grown on the land within 3 years* Be sure to use the 
right strain of ivmoculant* 

Checking for Proper Nodulation: Carefully ^remove the roots 
of plants at least 3 weeks old from the soil and look for 
clusters of fleshy nodules (up to the size of small peas) 
especially on the tap root; slice a few open and an interior 
reddish color means they're actively fixing 

Soil pH ; Peanuts grow best within a pH range of 5»5-6»5» 
Higher pH*s increase the chance of manganese deficiencies* 
while very acid conditions -may cause manganese gnd aluminum 
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toxicities and maaneRium deficiencies* Use dolomitic lime- 
stone if liming is ne«d«d and don't go above pH 6«5« 

P and K ; Peanuts have an unusual ability to utilize residual 
fertilizer from preceding crops and don*t often give profit- 
able responses to direct applications of P and K unless soil 
levels are veiry low. There's good evidence that high K levels 
in the podding zone actually hurt yields by Increasing* In 
short, pearut3 give a fickle response to P and K» If planning 
to apply a small amount of N at planting (20-30 lbs»/acre)j 
try using 16-20-0 at 150 lbs«/acre (lcgs«/Ha*) on* a small area 
as a test (or mix some superphosphate with the N fertilizer)* 
Don^t hold your breath waiting for a response. Band apr>ly it« 

Calcium ; Thii£ crunchy leg\ame is one of the few crops having 
a high requirement for calcium as a nutrient* Idght green 
plants plus a high % of unfilled shells (called "pops**) may 
indicate Ca hunger. Gypsum (calcium sulfate) is the usual" 
remedy; it* a nmch more soluble than lime and also has no effect 
on pH« The nuts themselves won't develop in a soil layer 
deficient in Ca even though enough Ca is available to the 
roots below. That means you should dust the gypsum in a 15" 
wide band irectly over the plants so it'll be leached down into 
the root zone. Use about 400^600 lbs. /acre and apply right 
before flowering. The gypsum also supplies sulfur* 

Manganese : Peanuts are sensitive to mangMiese deficiency 
which are most coiTunon above a pH of 6*5. The leaves turn 
light yellow whole the veins remain somewhat green. Spray 
the plants with 5-10 lbs. of manganese sulfate per acre. 
Use a wetting agent. 

Growth Stages ; Flowering occurs about a month after emejrgence* 
The pods aren*t part of the root system; asflowering fadesst^ 
shoots called "pegs'* develop and grow downvard into the soil; 
the peanuts develop at the ends of the pegs. Pegging takes 
place about 3 weeks after flowering. The peanuts are ready 
for harvest when the inside of the shells begins to color 
and show darkex%ed veins. The plants are fairly drought toler- 
ant. 



CASSAVA (MANIOC. YVCA) 

Cassava is a drought resistant tuber crop known for its 
good adaption to poor soils. The tubers are ready for har- 
vest about 9-12 months after planting (sections of the stem 
are used) and yield about 2-4 tons/acre (4500-9000 kgs»/Ha) 
on poor ground but up to 16-20 tons/acre on deep, fertile 
soils. The tubers are very low in protein and vitamins but 
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a good source of calories* The tubers contain varying amounts 
of poisonous hydrocyanic add (HCN)^ and varieties can be 
classed as '*bitter'* (high HCN) or '*swe*t'* (low HCN)« Even 
the **sweet** varieties must first be detcncified by peeling 
(most of the HCN is in the peel) follo%red by ccoking^ roasting, 
or sun drying* The bitter varieties are used for commercial 
starch production since they*re better ylelders* Tapicca 
comes from cassava* Cassava leaves <;^ataln about 25** 30% pro- 
tein on a dry weight basis and are commonly eaten* 

Being a starch crop, cassava has a very high X require- 
mentf and even high K soils may become deficient after several 
years of continaous cropping* Excessive rates of N will pro- 
mote leafy growth at the expense of tttbers* Average ferti- 
lizer recommendations from many countries are in the range 
of 40-80 lbs* N, 40-60 lbs* ^2^?* 60-150 lbs* K^O per 

acre (or kgs*/Ha*)* Apply all the P and K at planting 
along with 1/3-1/2 of the N, followed by 1 or 2 N sid^ 
dressings later on*. Split applications of K may be needed 
on sandy soils or under very heavy rainfall* At pi anting ^ apply 
the NP or J^K fertilizer in a half-circle aroui^d each seed 
piec$^^but 3.-4** away and 3-4** deep* 



SWgBIPOTATOES 



Unlike potatoes^ sweetpotatoes are a warm season crop* 
The starchy roots are ready for harvest in about 4-6 months* 

Like other starchy cropSf sweetpotatoes have a high K 
requirement* Excessive! amounts of N (over 90 lb*/acre or 
kgs*/Ha*) favor leafy growth over tuber growth* Most NPK 
recommendations for sweetpotatoes are in the range of 50-60 
lbs* 40-50 lbs* PjOct and 80-120 lbs* K2O per acre (or 
kgs*/Ha*)f but much lower K rates can be used on high K 
soils* Apply 1/3-1/2 of the N at planting along with all 
the P and about 1/3-1/2 of the K« Sidedress the rest of 
the N in 2 applications and the rest of the K iu one (about 
2 months or so after planting* The at^planting application 
should be placed in a band about 3-4** to the side and 3-4** 
deep* 

N deficiency causes the leaves to turn li^ht green to 
yellowf and the vines become deep red* P hunger causes 
dark green leaves that have a purpling over the veins on 
the backside of the leaves* ^ hunger starts with a yellowing 
arid bronzing of the leaf tips and margins which gradually 
moves toward the center* 

Soils high in organic matter tend to promote tuber diseases 
so manure or compost usually aren't recommended* Boron deficiency 
is sometimes a problem and can be cured using 5 lbs* borax 
per acjre mixed with the NP or NPK fertilizer* 
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POTATOES 



Potatoes prefer cool temperatures » and profitable pi^o- 
ductlon In the tropics Is usually confined to elevations 
above 2000 ft# The best yields are obtained where the mean 
temperature during the growing season (average of dally high 
and low) doesn*t exceed 70^ (20 C)*' Higher mean temperatures 
depress tuber growth since the plants respire miich of the 
starch they produce Instead of storing It In the tubers « 
Yields of up to 25-30 tons/acre are possible under tqp manage- 
ment and Ideal weather^ but most small farmers average around 
4<-6 tons/acre (9000*^13500 kgs«/Ha#)« 

Most varieties mature in about 100-*136 days but full maturity 
Is often not reached due to defoliation of the plants by fungus 
diseases (early and late blight)* Routine applications of funv 
glddes are essential* ; 



Fertillge r Guidelines 

Potatoes are heavy NPK feeders requiring hefty rates of 
fertilizer beceuse their root system is small and they accumu- 
late their yield in relatively short amount of time* They 
grow best wit:hln a pH range of 5#0«6*5 and are fairly toler- 
ant of acidity; one effective way of controlling potato scab 
disease is to keep the pH below 5«»5* 

N itrogen : Rates up to 120 lbs* N/acre (kgs*/Ha*) or more may 
be profitable when improved varieties are used along with 
good Insecti disease^ and weed control* Apply about 1/3-1/2 
the N at planting and sldedress the rest at hilling up time* 
Rates in the 60-*90 lbs*/Acre (kgs#/Ha*) range are probably 
best for the average small farmer* *1 

Phosphorus : Rates as high as 100-200 lbs*/acre (kgs*/Ha*} of 
P5O5 are usually recommended for soils low In P« P Increases 
the number rather than the size of the potatoes, shortens matur- 
ity, and improves quality* 

Potassium : Potatoes have a high K need, and even soils rich 
In K may become depleted after years of potato growing ^If^s 
K Is added* Rates for meditan K soils range from about 50-100 
lbs* K20/acr<a (kgs*/Ha*) with up to 200 Ibs./acre on low K 
soils under top management and growing conditions* when high 
rates of K are used, potassium sulfate should be substituted 
for potassium chloride; excess chloride lowers the quality 
and starch content of tubers* 



•1 Varieties vary In their N responsiveness; High N applica- 
tion? will favor top growth at the expense of tuber growtJi 
In some* 
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Methods of APDllcation ; Banding of the at-planting fertilizer 
is especially recommended for potatoes due to their limited 
root system* Place the NP or NPK fertilizer about 2" to the 
side of the seed pieces and slightly below them (only one band 
per row is needed)* Apply about Ij the all the 
the K at planting; in sandy soils^ it*s a good idea to apply 
1/2 the K at planting and the remainder at hilling up time 
along with the rest of the N« Place the N side-^dressing 
about 10-12 « from the row* 

Maqnealupi deficiencies are sometimes a problem in very acid 
soils below pH 5«5« See p* ^2 for control* 

/ 

VEGETABLES 

Vegies usually give excellent responses to fertilizer* 
They^re mainly high value crops grown on a amall scale in- 
tensive basis comBared with field crops (cornt sorghiim, rice, 
field beansi etc*)* Host small farmers who are seriously 
into vegie growing tend to be better than average , managers* 
Unlike field crops, post vegies, return little if any residues 
to the soil* For— these reasons, fertilizer rates for vegies 
are often considerably higher than for field c^ops-^so Is the' 
need for applying compost and manure to help malntalri an OK 
level of soil organic matter* 

General Fertilizer Needs 

The kind and ^ount of fertilizer needed varies a lot 
with the soil and vegie involved* Despite what you see In 
garden stores, there's really no such thing as '*Xomato Ferti- 
lizer" or **Vegetable Pertilizer"* Only a soil test by a 
reliable lab can pinpoint your sitViation!s needs* Anyway^ 
here's some general NPK recommendations for various vegies: 

U^R^/Aftr^ or Kds*/Ha* 





N 


^2^5 


K3O 


Beans 


30-60 " 


25-50 


20-70 


Peppers , Eggplant 


80-120 


40-150 


40-150 


Beets, Carrots, 
Onions 


75-100 


30-150 


30-150 


Tomatoes 


100-150 


70-200 


50-200 


Cabbage, Broccoli, 
Lettuce, Cauliflower 


90-120 


60-150 


60-150 


Cuctimbe r , Squash 


75-100 


40-150 


40-150 


Watermelon 


70-100 


40-15© 


40-150 
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Ti\€ table Is pretty genteal* Actual r«t«s that are best fov 
your farmer depend on his soil's nutrient status, his mans/ge- 
ment ability and capita, market prospects, yield limiting 
factors like poor drainage or excessive heat or rain* Don*t 
forget to consider the nutrient value of nny compost or manure 
you mioht be using when considering fertiliser needs (see pp« 
59-64 ). 



Secondary gjid Kicronutrlents ! scoe vegies are especially 
susceptible to certain secondary and mlcronutrlent deficien- 
cies: 

Calclupi t Tomato 9 celery* 

Magnesium ! Cabbage^ cucvato^iCf •ggplant^ p^ppcr^ tomatOf 
vatarmalon* 

Sulfur ! Cabbag* family (cabbag*^ turnlpcy radlahM. caull- 
flowttr^ broccoli^ collards^ brusseXs sprouta^ kala^ 
kohlrabi) 9 onions ^ asparagus* 

Holvbdeniim ! Cabbag* family^ aspacially cauliflomrt tonfti* 
to«s« 

Boron ! Cabbage family^ carrots^ celery^ tomatoes^ let* 
tuce^ beets 9 onions* 

Ziyy c: Beans^ lima boans^ corn* 

Manganese ! ^'Tomatoes, beansf lettuce^ onions^ radish^ 
spinach* 

Cyppyy ! Common in many vegies grown on peat soils* 

see pp* 81-82 for rates and^pp* 155-159 for hunger signs* 



APPLICATION GUIDELIWES FOR VEGIES 

Dijresjb: Planted vegies 

For close planted vegies like carrots^ turnips^ radishes^ 
beans 9 mustard^ an<3 Chinese cabbage^ place the fertilizer in 
a continuous band 2** (5 cms*) below and 2** to the side of 
the seed row; one band per row is enough* Apply all the ^ 
and K along with 1/3*1/2 the N; sidedress the remaining N 
about a month after planting* With radishes, apply all the 
N at plantinq since they mature in 3-4 weeks* 

First figure out the per acre or per hectare NPK planting 
dosade and Jthen -calculate the amount needed per length of 
row <see pp*f01-7)^ Don*t guess but work it outi 
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Transplanted Vc<il«8 

/ Tomatoes, peppers t eggplant, cabbage t broccoli, head 
Ifttuce, and onions often do better If started out ^In a 
seedbox or nursery seedbed and then transplanted to the 
field about 4-6 w««ks later* 

Stfedbox or Wurserv Seedbed ; Cren if you use a lot of compost 
in your seedbox soil mix, don*t count on it to supply enough 
MPK; it*s a slow release fertilizer, even more so if lt*s 
only partially rotted. TTse an NPK fertiliser with a li2ir 
6r 1:3:1 ratio and aim for an applicaticm equal to about 
80-100 lbs* 150^250 lbs* ^9^5! 80-100 lbs* K^O per 

acre (or kg^./Ha*)* That's equal to about 80 grans (3 oz») 
of 12-24-12 or 10-30-10 per s<t* meter (about iH level teaspoon- 
fuls per sq* ft*)* Mix it in thoroughly with the seedbooc 
soil mix or broadcast it and work it into the top 4" of the 
nursery seedbed* N deficiency may show up after 3-4 weeks 
due to leaching losses* water the seedlings vith I tajblespoon 
amAonium sulfate or 13$ teaspoons urea per aal* of water* Once 
should do it* Wash off the leaves with plain water after- 
wards* 



Making .UP a Starter Fertilizer Solution for Transplants! A 
starter solution helps get the transplants off and running 
again (the transplant operation is a shock to thtfn)* Use a 
fertilizer with a high ratio of P like 12-24-12 or 10-30-10 
if possible^ 

Recipe : 2-3 lev^l tablespoons of fertilizer per gal* 
of water (10-15 c*c./liter)* It'll take some 
work to dissolve it (hot water helpSf so d9es 
mashing it)* 

Dosaoe ; 1 cup (about 250 c*c*) per transplant holei 

Pour it in before transplanting and let it j ^ 
drain completely before setting the plant i;i* * 

How to APPlv Solid Fertilizer at Trannplant Tlwej ^Apply 
. the NP or NPK solid fertilizer in a half-clrcie 3-4" deep 
and 3-4" out from the plant's stem* Apply all the 9 and K 
along With 1/3-1/2 of the N. On sandy soilSt it may be wise 
to a^ply half the K at transplanting and the r-^nalnder 
about a month later* 

When to Sldedress N and How Often : Long duration vec|ies like 
tomatoes, pepper, and eggplant may need 2-4 sidedressings 
every 3-4 weeV-.s after transplanting* Cabbages, broccoli| 
lettuce, and onions can get by %«rell with 1-2, depending on 
leaching conditions* You can place the N fertilizer in a 
single line about 6** out from the base i » plants or 
make a half-circle application at the same distance* Don't 
worry about placing i t deep (it'll leach dowtt anyway)* 

•1* note: The kstarter solution isn't meant to be a substitute 
for the normal ^plication of solid fertilizer* 
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just cover it ttnough so you can*t see it (about 1/2** is great)* 



A SDftClal Nofca on C»rTit-fr^|.y yid Smiaaht Xh«y*re especially 
fond of compost and aanure (same with melons)* If planting 
them in **hlIXs", dig a hole a coti^le feet wide and a f6ot 
deep and throw wovit 2-3 shovelfuls of well rotted f axm manure 
or conpost In and cover with topsoll; plant the seeds In the 
center of the "hill*** 

A Special Mote on "Starter** Solutions: X£ you use one at 
transplant tiue, you could ^elay the application of solid NPK 
fertilizer up to a week; If you do, aake the half-circle about 
B" out* ^ 

PASTURKS 

During the w«t season^ well managed tropical pestures 
can provide enough feed for normal growth of calves and beef 
cattle and for the production of 1-2 gals* of mlllc dally 
per cow* Supplemental feeding with Ugh energy sources like 
com, molasses, etc* will be needed for higher milk production^ 
or more rapid fattening* From 1*2 1000 lb* cattle or l%-3 
600 lb* stock can be carried per acre during the wet season 
(or about the same number of dairy cattle)* Once the dry 
seaeon sets In, both the amount and feed value of the pasture 
seriously declines, and even well managed pastures can usually 
satisfy only the maintenance requlrtttaeats of cattle (no growUi 
or milk production)* Hunld region or irrigated pastures should 
produce 500-1000 lbs* of live weight gain per acre yearly 
without supplomental feeding (SSO-1100 kgs*/Ha*)* 



FERTILIZBR NEEDS 

Tropical grasses like Elephant (Napier), C^iinea, Pangola, 
Bermuda, Para, and Star give excellent iresponses to fertilizer, 
especially N* Soil tests will give an idea of how much lis 
needed for a particular situation* 

Nitrogen 

* 

N is the 9ost important nutrient, in terms of amount, and 
rates up to 3%Cf lbs* or more per acre^^yearly (330 lcgs*/Ha*) 
may be profitable under good management and^year around pro* 
duction* Aside from increasing pasture yield, N also increases 
the protein contsnt to varying degrees, depending on the amount 
applied, type of grass, rainfall, and stage of matiurity at 
which the pasture is grezed* 

N should be applied in several applications to cut leach- 
lug losses* In humid areas without e pronounced dry season, 
M Is usually applied 4-6 times a year* In areas with a dry 
season, 2*4 .applications should be made, all of them during 
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lAe wet season unless Irrigation Is used* lilorlc In Puerto 
Rico showed that applying 100 lbs* N/acr« 6-8 we«lc« before 
the start of the dry season to recently grazed pastures will 
greatly Increase the amount and nutritive value of the fora%s 
carried over into the dry season; with this method|' graslng 
should/be deferred (following ^e >f application) until the 
dry season begins* Oulnea grass produces an especially good 
standing hay %fith tills method* 

is used, a good deal of N (tq> to 30»35%) may be 
lost as ammonia gas (se* P*~^.3); this nay be partly offs^ 
by urea's typically lower price compared to other N sources^ 
but lt*s usually not recommended for' pastures* 

Phosphorus : P can be applied once a year since it w6n*t leach 
except in super sandy soils* Rates of 50-75 lbs* P2O5 per 
acre C)cgs*/Ha*) are common* > 

PoAaaalumt Up to -200 lbs* K^O/acre (1cgs*/Hciv) are applied 
to low K soils under intensive management* 0ras8«s tend to % 
take up K in excess of their needs, so it*s a good idea 
to split the applications to avoid this "luxury conaumptien*** 

Sulfur t A sulfiir bearing fertiliser should be inaluded in 
the fertiliser progren, especially on sandy soils under high 
rainfall] amnohlum sulfate, single super, potas.sium sulfate, 
and ammonium phosphate sulfete (16-20-0) are good S sources* 
It's a good idea to apply around 20 lbs* S per acre yearly 
(60 lbs* sulfate or SO^)* 

Calgium and Waoneslum ! Don't forget that ammonium or urea 
fertilisers have an acid effect on the soil* Chances are 
that. llBiing will eventually be needed after a few years of . 
{:o|ititiued N applications* Soils^wlth a low eschai^e capacity 
(negative charge* see p*3-39) will drop m6re qai^kXy in pH* Lime 
can be broadcast ov^r the pasture* Use dolcmitlc limestone 
, or else supply magnesium in another form to avoid deficiencies* 
Cattle are very sensitive to Ng deficienibies in pastures caused 
by high rates of K without supplemental Hg* In cases where 
both the soil and liming, material a^e low in Hg, it may be 

"or 400 lbs* mag- 
in 1-2 appllca- 
and 21-S2i KgO* 

Mieronutrienta g Deficiencies are unlikely except in Very leeched 
out sandy soils or at pH*s above 7*0* Moiyl>denu»*s availability 
decreasea with increasing acidity but is unlilcely to be lacking 
except in the case of pasture legumes (Icudzu, centrosema, etc*)* 

Value of *Self-Fertiliaatlon" ef Pa.tur— liv Cattio 

Roughly 80% of the MPK and other nutrients in the feed 
are returhed In the manure which would seem to make fertilizers 
argely unnecessary* However, animals do a lousy job at uni- 
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fonnly distributing the nanurc over the pastur*; several 

studies h&TS shoim that only about 15% of the pasture Is 
actually covered per year under typical stocking ratest 
1 good deal of the N is lost by leaching t6o» 



What about gra«a*LeauBie Pastures In the Tropics? 

What? Bio clover or alfalfa in the tropics? Nopei they're 
not adapted to the heat and humidity* ttolike twiperate sone 
pasturesi fei* tropical pastures contain a meaningfUfl anount 
of legomes*^ Legunes can- significantly Inprove the feed 
value of a pasture since they're higher in protein than grass- 
es and decline less In feed value as they grow; they also can 
supply their cwn N needs as wll as those of th« grasses vlth 
which they're grown* 

Relatively little research has bean doa4 with tropical 
pasture legumes, but things are Inprovlng* One problem is 
that nany tropical legumes have trouble competing with the 
super rapid growth of most tropical grasses and tend ,to get 
shaded out* Others era sensitive to overoravlng or aren't 
very palatable* Howeveri tropical kudan C PuerMrla phaseol- 

atroDUTPureua . and several others hm been grown succass* 
fully in combo with tropical grassas like Guinea. ^stari and 
molasses grass« Townsvllle stylo ( Stylysait )^f]nf /'Iffiiil 1 f ^ Is 
a self -regenerating annual (it resMds Itself) that can be 
easily established and maintained with a variety of tropical 
grasses* X<«upaena ( L* leucoeephala ) is a perennial legume 
shrub tree that can be grown In rows In a pasture and used 
for browsing* Constat with a pasture specialist In your 
country concerning recoMiended grass*lagune mlices for your 
area* / 

Fertlliainq ^aae^Leflume Pastures : Since th4 legume fixes 
enough H for itself and for the grasii no N.'fertlliaer is 
needed* Xn f act| adding N will favor grasi^ growth and even- 
tually shade out the legume* Adequate P and K as well as 
sulfur are needed to maintain a good propoi^tlon of legume 
to grass* Compared with grassesi legumes, are weak K extrac- 
tors,. Pasture legumes, are susceptible to; molybdenum and 
boron {lef iciv-sncles • 
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•asz THg PACKAgS APPROACH I 

Xt takejt ituch more than just fertiliz«r for successful 
-•ef and ralXk production* Good grazing management ^ good 
stock* disease control, weed control, supplemental faading, 

aiid v7or:Mi.r^ct zji^o ^^-at; am vi-tal** Some these are touched on 
below: < 

J 37 WST COPY AVAILABLE 
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Pae Rotation grazing 



As grssses csgrow' after being grazed or cut» they drop 
m feed value (especially protein) .as they mature} tropical 
conditions encourage, rapid growth and naturlty« and most grazed 
grasses may be tmable to supply enough protein after only 
4-5 weelcSf even when fertilizer N Is used (N hflps.beef up 
protein content)* Vnder low management conditions y cattle 
are usually continuously confined at low stock&ng rates to 
one pasture} t^e pasture's rapid growth outstrips their 
ability to harvest the grass before lt*s becosM overly mature* 
For example, a study In Trinidad showed that the crude pro- 
tein content of pangola gress dropped from 15% 10 days after 
gracing began down to 4*6% 42 days after (dry weight basis)* 

Rotation grazing entails dividing up the pasture into 
4-$ paddocks and putting all the cattle in cne paddock at 
a time* The size of each paddock should allots the cettle to 
graze down the grass in 4-7 days before moving on to the 
next one* About 3 weeks rest is needed hetween grasings to 
allow for sufficient regrowth* Longer periods may be needed 
during cooler weather and shorter periods during more rapid 
growth* Guinea grass should be grazed down to about 8** and 
para, elephant, and pangola down to 4-6"* N fertilizer can 
be supplied after each grazing* Overgrazing will use up stored 
food reserves in the roots and weaken the stand* 



Supply Silaoe or Hav for Prv Season Feedino 



Foraoe au|ilitv and quantity decline disasterously during 
the dry season* Cattle oi^en lose a good part of their wet 
season gains during the dry months and may take 4-6 years to. 
reach slaughter weight (800-1200 lbs*)* This could easily 
be cut to 2-3 ye*rs largely through the use of hay or silage 
for supplemental dry season feeding* Host low manageMent 
cattle raisers in the tropics have too few animals p«r acre 
to fully utilize all the wet seasen*s growth but too many 
for the scant airb»unt of forage available during the dry sea- 
son* Making hs^r silage out of surplus wet season growth 
is the answer* Silage making is usually more feasible than 
hay making during wet seeson weather (about 2 tons of water 
must be evaporated from fresh cut grass to make one ton of 
hay)* FCV*s ill CI Salvador have helped establish a successful 
silage program with small cattle growers using sorghum-sudan 
(yields have averaged about 42 toiiv/acre or 95,000 kgs*/Ha. 
in 3 cuttings taken during the 6 month wet season)* They've 
also made good quality pangola, stergrass, and jaragua hay 
at the tail end of the wet seasonv- 
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Control Wfceds 

Wecda rob spec*, wat«r, lights and nutrients fcon pastures 
and some nay be poisonous as well* Broadleaf wared s &re the 
moat common) i2|4*P herbicide glvea good coiktrol of non-woody 
broadleafs while 2,4|5-^T Is better for woody species; lt*8 not 
nocessary to remove livestock during or after application ex- 
cept for dairy stock; they should stay off the pasture for a 
week after spraying to avoid residues ±n the Bdlk« 

Provide Mineral for Cattle 

Except for salt, cobalt, iodine, and copper, livestock can 
usually get all their essential minerals from well managed 
pastures*. Salt licks containing trace minerals should be sxip- 
plled* Young cattle need about 20 grams (2/3 Oz*) of salt 
dally; older ones need about 30 grams (1 Cz*)» Adding one 
ounce copper sulfate and 1 Ox* cobalt su),fate per 100. I^s* 
of iodised salt will provide a satisfactory mineral mix for 
grazing cattle on fertilized pastures* 



Keen Animals Healthy 

Follow the recMinended vaccination schedule for your 
area (brucellosis, anthrax, blackleg and others maybe need- 
ed)* Periodic dewormlng is also ess«aitlal'* 



Here's some suggestions on helpful cattle and pasture 
management references: 

1* rmprovement of Livestock Production in Warm Cllroateft . 
Robert McDowell* W*H* Freeman Co*, 600 Market St*, 
San Francisco, CA 94104* 

2* "The Intensive Management of Tropical Forages in 
Puerto Rico**, Bui* 187, U* of P*R* Agr* Expt* Sta*, 
Rio Pledras, P*R* Came out in 1964 but still rery 
useful* Available in Spanish too* 

3* Cattle_ Science . M*E* Bnsmlnger, Interstate Print- 

ers and Publishers, Inc*, Osinvllle, IL* . 

4* **Ouidellnes for Producing Chickens, Swine, and Beef 
Cattle in Tropical Regions'*, Mechell ^Tacob, 1979* An 
60 pp* manual by a livestock consultant with lots of 
overseas experience* Write him c/o American Can Co*, 
1660 L St* N*W*, suite 201, Washington, D*C* 20036*^ 

5* Merck Veterinary Manual . Merck & Co«, Rahway, N*J* 

nie oost con^lete manual on livestock diseases; rather 
technical * 
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6. Animal Health Handbook . Chas. Pfiaer & Co., 235 B. 
42nd St., N.Y., N.Y. 10017, about $2*00. 

7* the StoclcMLan * 3 Eandboolc , n.E. Ensminger, Xnterst^^te 

practical guides to llT«stoA raising; tlwUQh wcitt«n 
fop stateside conditions, much of th« info is rftlevant 
to the tropics* 

8. An Introduction to ^Imal Husbandry in the Tropica , 
<>. Williamson and W. Payne* Longmans Ltd*, i^ondon* 

9* Feeds and Feeding . F.B. Morrison* P.B. Morrison Pub« 
Co., Clinton, Iowa* standard reference for f«e<i8 

and feeding* (Out of print but available in libraries.) 

10« '*The Philippines Recommends for Pastures'*, U« of the 
Philippines, Los Banos; An extension bulletin on 
tropical pasture management; also has a good section 
on grass-legume pastures* 



COFFEE 



Of the 4 economically invportant species of coffee (arablca, 
robusta, libericai and excelsa), the higher quality arabica 
coffee accounts for about 85-90i of world production and is 
virtually the only type grown in Latin America* Arabica pro*- 
duces best yields in areas with a mean annual temperature of 
6O-750P and an aunual rainfall of 70-80"/ preferably with a 
distinct dry season. Temperature extreme^x above 85**^ or below 
SQOp will depress yields* The optimum tem^ieratures for arabica 
are usually fo;ind in the 3500-5500 ft. acne \ of the tropics or 
at lower elevations in the sub-tropics. The\ lower quality 
robusta, liberica, and exclesa species need higher tCTipera- 
tures and are grown at lower elevations* 

Coffee can i>m grown with or w/o shade but shading is most 
common. Shade trees protect against excessive stin, reduce 
erosion, provide lots of orgs^nic matter through leaf fali| 
suppress weeds, and recyc2.e leached nutrients. Studies show 
that unshaded coffee often produces much higher yields but only 
under a favorable climates deep soils with good tilth, and 
good management and fertilization* 

Yields are generally much lower than they should be through- 
out JLatin America, especially among small growers* Average 
yields in Costa Klca are about 500 Ibs./acre but 1800-2700 lbs./ 
acre have been obtained under a package of improved practices. 

Feasibility of Fertiligera ; Many coffee stands are too old 
and poorly managed to respond well* Even well managed coffee 
tends to give erratic responses and often takes 2-3 years to 
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Show results (berries are produced only on wood that Is 2 years 
old)* Secondary and mlcronutrlent deficiencies can hanper 
response to NPK« 



Fertilizer N^dM 

The berries themselves reisove a relatively small amount 
of nutrients^ but fertilizer neads are high since good vege- 
tative growth 1b needed* N and P are the 2 icost important tor young 
trees (up to 3-4 years old) while N and K are the most Inpor- 
tant once good production starts* 

Most coffee producing countries have conducted nunerous 
fertilizer trials so you should be able to obtain specific 
recommendations • 

An excellent pamphlet called "Algunas Deflclendas 
Mlnerales Comunes en el Cafeto" by L«E« Muller contains color 
photos of hiingers signs In coffee* Write for a copy to the 
Instltuto Interamerlcano de Clenclas Agrlcolas In Turrialba, 
Costa Rica* 



Nitroge n: Rates range from 60-120 lb9«/acre (Kg5«/Ha«) of N 
per year* Th^ Ist application Is made when the rains begin 
with the rest applied later on In the wet season* Excessive 
N will promote leaf gixwth a^ the expense of flowering* 

Phosphorus ; Young trees have higher P needs than older ones 
In production* Rates for trees 1-5 years old range from 30-60 
lbs«/acre ()cgs«/Ha«) of P2O5 Yearly* Trees 5-15 years old 
usually receive 25*60 lbs*, and those over 15 years about 20- 
35 lbs* Applying P to the soil surface In a broad band about 
2 ft* wide beginning from the outer drip line Inward gives 
good results* work It In slightly* Coffee has a lot of roots 
near the surface* 

Potassium; Producing trees have much higher K needs than young 
ones* Rates of 20-40 lbs*/acre ()cgs*/Ha*} of K2O per year are 
common with young trees and up to 60-120 lbs* on older trees 
unless the soil Is already high In K* K may be applied in 1-2 
applications* 

Calcium and Magnesium : Coffee usually grows veil down to a 
pH of 5*0 or slightly below, although a pH of 6*0-6*5 has 
given best results In many cases* Higher pH*s increase the 
chances of mlcronutrlent deficiencies (except molybdenum)* 
Coffee has a relatively high calcium requirement* Magnesium 
deficiencies are likely In very acid soils and are also caused 
by a high ratio of K to Mg« Soil applications of dolomltlc 
limestone or magnesium sulfate are commonly used^ to cure or 
prevent hunger; however, It often taJces 15 months or more for 
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soil applications of Mg to work;; more rapid results can be ob- 
tained by spraying the trees 3-7 tines at 2 ireek inteinrals 
with a 1*2% solution of magnesium sulfate (epsom salts); 5*10 ^'"^^ 
Oz* (140-280 grams) of epsom salts per 4 gala* water does 
the trick* Use a itetting agent (liquid detergent at 2*3 
teaspoons per 4 gals* water* )• 



mcronut rient s : Coffee is sensitive to micronutrient d^^fici- 
encies, especially zinc, boron, iron, and manganese* Foliar 
sprays are the common treatment (use a sticker-spreader to 
promote uniform coverage and resistance to vashoff )• Slaked 
lime (calcium hydroxide) is often added to the spray to pre*** 
vent foliar burn* Check with local experts* Coffee is also 
sensitive to manganese toxicity which occurs in very acid soils 
(below 5«0)« Applying 5 lbs* ground limestone per-tree and 
irarking it in slightly (careful with the rootsU will usually 
clear up the problem* 



BANAHAS 

Bananas prefer a hot, moist climate with 60-60" rainfall 
fairly well distributed; though grown over a wide range of 
soil pH, 6*0 seens to be optlmua, and yields are narkedly 
depressed below pH 5«0« Yields range from as low as 5000 
Ibs./acre (1cgs«/Ha*) up to over 50,000 lbs«/acre (kgs«/Ha«) 

The banana plant's stem is called a pseudost— since 
lt*s really forned from rolled up leaves growing out of a 
true Bt^em located underground in the corm. A new leaf appears 
about every 10 days until the terminal bud (flower) emerges 
at 8-11 months; harvest follows in about 90 days* 

Host of the plant's roots are found in i;ne top 6** of soil 
though some penetrate to 2-3 ft* the roots grow out laterally 
as far as 15-17 ft* Itateral roots grow out from the - Ir. roots 
^nA are the only <Nies that absorb nutrients and wate^ Aese 
**feedjftr*' roots are scarce close to the stalk, so feri.. 
should be applied about 2 or more feet out from the base* 

Established plantings regenerate themselves by producing 
sefveral suckers per mother plant (the mother plant produces 
just one crop)* For new plantings, either corns from older 
plants (one conn can yield 2 planting pieces) or those from 
**s%ford*' suckers (those suckers having swrd-like leaves, a 
thick stem, and e robust com) are used* 
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Banvku uso high cnounts of N and K though their » 
needs arc relatively low. 

'^tg<Mf<W > H deficient plants have e pale yellowlsh-grem 

*. *»»ter growth, earlier flower energence 

tand naturlty), greater leaf area, and increased fruit sise. 
lI«^?f2!rf°*'?*J?** range from about 150-350 Ibs./acce <kgs*/Ha) 
appiiad in 3-10 applications according to leaching potmtial. 
About 80 grams <3 os.) total N per plant is eonsldSed the 
mminum for connerclal plantings and often 100-200 grMs or 
more are used. All the H should be applied before floirerlag 
Since it's Important to stimulate early rapid growthx studies 
have Shown a good correlation between the aree of tha 3rd 
leaf and total bunch weight. Later M ai»lications seem to 
promote "openhandedness" of the bunch. Nbere regular fungi- 
cide spraying is done, K can be sxipplied foliarly with urea 
1?':;^"??* par 100 gals./water for plants i-2 nonths old, 
S? r*^H 1*>»*/10** on oldar plants). One study showed 

cnac e5> of the urea was absojrit>ed through the leaves In 25 
minutes I 



Ph9BP^9ffMff' P needs are relatively low compared to N and K* 
Host recommendations are In the 50-75 Xbs./acce (togs*/Ha) 
range of Pj^S* * deflciancy causes a premature drying of 
«ie lower leaves. P can be applied at one application 
at or near planting or various times as part of an NPK 
fertiliser* Try about 50-100 grans (2-4 Ciz*) per plant* 

gotassiunt K greatly Increases pseudostem growth and yields, 
in^roves fruit quality and storage life, and promotes diseaaa 
resistance* Moderate K deficiencies cause yellowing arouhd 
the outer edges of the leaves} nore severe hunger causes the 
leaf tips to turn reddlsh-4>rown and die* K hunger is also 
associated with a disorder called "premature yellowing** of 
the leaves* Soils testing below 0*2 n.e*/100 grams in available 
K need high amounts of K* Even those testing in the 0*6-1*0 
m*e* range (cpnsidered very high for most crop needs) still 
need some K. Host recomnendatlras range fron IQI^^O ibs*/acre 
(lcgs*/Ha*) of KgO per year or about 80-250 grams per plant. 
Xt can be applied in 3 or nore applications depending on 
leaching potenfrial (rainfall and soil texture)* 

Maaneslum; Deficiencies are conanon In acid soils, especially 
trfian high amounts of K are used* 200-250 grams (7-9 Oz*) of 
dolomitic limestone per plant controls deficiencies. Hg hunger 
causes a broad band of yellowing along the edges of the lower 
leaves* 



*1. The usual N:K20 ratio varies from about Itl to l$2 as 
far as total amount applied. 
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Iron. 2iBC^ and MMiaanftS« deflcl«ncl*s can occur at soil 
pH»s above 6«8« 

MoivbdMium dftflclency has occurred In Honduras In highly 
leached acid soils* Raising the pH is oft«n •ffeetlve in 
controlling Mo deficiency if the soil is very acid| otbcr^ 
wise Mo should be zpplied (about 1*5 lbs* of aanonium nolyb- 
date per acre)* 



Bananas benefit from high levels of soil organic matter* 
The planting hole can be partially filled tilth irotted manure 
or compost* Mulching is very advaatageous* 



How to APDlv Fertiliger to Bananasx Young plants should h«v* 
the fertiliser applied in a 1-2 ft* wide band around the plant 
about 1 foot out fron the base* This can be moved out as 
the plants grow* Cover the fertiliser with ^out «n inch or •> 
two of soil (careful with the roots t)* Mulching will help 
improve uptake of P by allowing the roots to grow nearer 
the surface* One bulletin recommends applying 300 grans of 
single superphosphate (18-21% ^905) mixed with the soil 
in the bottMi of the planting hole but separated from the 
base of the corm by 3-4" of soil* 

Feaslbllitv of Pertlliaers 



A lot of banana growing at the small farmer level is don* 
On a very casual and neglectful basis* Diseases, soil nen»- 
todes, insects and overcrowding are common* Don't count on 
fortilizer alone to boost yl^ds profitably under these con- 
diltions* 

I Aside from fertiliser use » a good "package** for bananas 
should include: ( Consult local experts for specific infot) 

1* Proper selection and preparation of planting material* 
Triraning the corma and sterilizing them with hot water 
or clorox and water is essential to kill n^atodes and 
diseases and prevent their spread to new ground* 

2* Mulching to suppress weeds, conserve water, and add 
organic matter* 

3* Pruning cut excess suckers* 

4* A spray program for diseases and insects* 

5* Cutting off the terminal bud and dipping the cut in 
a fungicide solution to prevent decay; this adds 
a tiouple lbs* yield to the bunch* 

6* Covering maturing fruits with polyethylene clear bags 
that have air holes; it speeds maturity by 2 weeks 
and Increases yields up to 20X* 
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PART vxn 



LIMIMS SOILS 



SollB ar* llAed to correct excessive soil acidity (raise 
pK). Very acid soils (below pH 5«&-5.5 dependlRQ on the soil) 
adversely affect the growth of most crops because t 

1. Aliimlnum and wano anese become more soluble with in^^ 
creasing acidity and may become toxic to plants at 
pH*6 below 5«$« True '*tropical** soils (see p* 3 ) 
tend not to release toxic counts of aluminusi Until 
the pH approaches 5*0* 

2. Very acid soils are often very^ low in available P 
and have a high c«c»acity to tie up added P by fOjndng 
Insoluble Iron and aluminum coatpounds* (See p*4l > 

3. Very acid soils are likely to be low in calcium^ 
magnesium, and available sulfur and nolyb^entim* 

4* High soil acidity depresses the activities of many 
:>eneficial soil microbes, including those that con^ 
vert unavailable organic M, P, and S to available 
mineral forms. Samm strains of N^^fixing Rhiabbift 
bacteria (especially soybean, alfalfa, and soM clover) 
have little tolerance for pH*s below 6«0* 

Most cro^s grow best within a pH range of 5*5^7*5 though 
micronutrlent deficiencies (except molybdenum) become more 
likely above pH 6*8* Note that sonte crops like pineapple, 
coffee, rice, potatoes, sweetpotatoes, and watemelon tolerate 
more acidity than most other crops: 



RECX)MMENDEtt SOIL PH'S FOR CX)MMON CROPS 





oH Ranoe*^ 0^9? oH Ranae 


Com 




Potatoes* 2 


4.8-6*5 


Sorghum 




Sweetpotatoes 


5*0-6*0 


Ric« 


S.(K7.0 


Peanuts 


5*3-6*6 


Wheat 


S.S.7.S 


Soybeans 


6*0-7*0 


Cotton 


S.5-6.5 


Alfalfa 


6*2-7*8 


Tobacco* 2 


5.S-7.5 


Tomato 


5*5-7.0 


Sugarcane 


6.0-8.0 


Cabbage 


5.5-7*5 


Coffee 


5,0-7.0 


Lettuce 


5*5-7*0 


Beans 


6.0-7*5 


Onions 


6.0-7*0 


Ptnee^ple 


5.0-6*5 


Peppers 


5*5-7*0 


Banana 


5*5-7.5 


Watermelon 


5*0-7*0 



*1. The above crops may grow fairly well one half a pH unit 

•2. SSe^a pB**oS*|?? or^^f^tTybefow^fo^cOT potato scab 
or tobacco blade rot« 
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Hbw to Tell if Liming Is Weeded 

You can measure soil pH fairly accurately right in the 
field using a good quality liquid indicatbr kit or portabl* 
electric tester* Rea^d the instructions carefully and mea^ur* 
both topsoil and subsoil pH- they're usually different; very 
acid soils can restrict dovmward root growth* Readings from 
the better kits like the HeXlige-Truog are accurate within 
0«2*0«3 pH unitff* 

Role of the Soil's Lab i The portable kits are great for trotible 
shooting, but they don't tell you hew much lime is needed for 
treating excessively acid soils* That varies a lot with the 
soil's negative charger (exchange capacity; see p«37 ) which 
depends on its texture, organic matter content, and type of 
clay minerals* This can only be measured in a soil's lab; 
tliey'll determine pH as a routine part of soil testlno and 
most will measur* the anount of exchangeable (soluble; aluni* 
num present (it increases as pH drops and can cause toxicl^tiea) 
They'll tell yoii if liming is needcKl and how much and what kind 
to apply* ^ 

Xn^ some cases, even a soil with a pH of 5«0 or below may 
still be satisfactory for most crops if its exchangeable alumi- 
num contents is low; on the other hand» the lab may recommend 
liming even though the pH is near 5«5« The important thing is 
to avoid overlimlng* it can be worse than not liming at all 
(see p« 38 )• Liming gxJldes like the one on p« 140 can be 
used for **guestimating**, but use a soil's lab whenever possible 



CALCULATING THE AMOUNT OF LIME NEEDED 

Whether you use the lab's or the table's reconoiendatlon, 
you'll still have to make adjustment for the f ineness # ourltv * 
and neutral iainq value of the material you'll be using* 



Types of Liming Materials and their Weutraligino Value 
There are 4 basic types of liming materials: 



1« Limestone (calcium carbonate, CaC03): The cheapest 
of all since it's taken directly from the ground and 
crushed without further processing* Non-caustic« 

2« D^lomitic Limestone ? Contains both calcium and mag- 
nesium carbonates; often recommended since purely cal* 
cium liming materials may cause magnesium deficiencies* 
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3# Burned l liae or aulclcliine : Cones in the fora 6f a white 
powderj very caustic^ Hade by heating limestone or dole* 
xnltlc limestone In a kiln to drive off the COp to leave 
calcium oxide (or calcium and magnesium oxideT* The 
^ most effective per pound of the 4 materials and is more 
rapid acting than limestone* Tends to form granules 
or flakes unless thoroughly mixed with the soll# 

4* Hvdrated or slaked lime icalcium hvdroxide) < »ade by 
Durning limestone or dolomite in the presence of steam; 
not a popular liming material (expensive) but rapid 
acting; very caustic* 

I , ■ ^ 

^e neutr^lglna v^u« of these 4 sources is shown below 
(based on 100% pure AaterlaX): 

Weutrallzlno Value 
Material (compared to limestone) 

Limestone 100% 

Dolomltlc limestone 109% 

Hydrated lime 136% 

Burned lime 179% 

This means that 2000 ibs« of burned lime has about the 
same effect as 3580 lbs« of limestone of equal purity (2000 
lbs* X 1*79 m 3580 lbs«K 



Fineness of Llming^ Materials is JjnDortantl 

The rate that a liming material reacts with the soil de- 
pends a lot on its particle slge» The finer the material, 
the more rapid the reaccxon^ ctven fine textured materials 
will take about 2-6 months to cause a significant rise in 
pHm Good quality burned lliae and hydrated lime are naturally 
fine, but crushed limestone is often overly coarse* 

type of material will contain a mix of different par^ 
tide sizes* Limestone passing through a 100 mesh sieve (holes j 
about l/150th of an inch on each side) will react with soil acids 
in just 4-6 weeks If mixed thoroughly with the topsoll* Mater^ 
lal passing through a 40-50 mesh screen will take 12*18 months 
to react completely* Material in the 20-40 mesh range will 
have only reacted 60% in 3 years 1 10-^20 mesh material reacts 
only 30% in 3 years* *1 

In the U«S«t niost states have lime laws requiring purity 
and fineness guarantees^ but your country probably lacks these* 
Ilie^oi^S"lab may be able to evaluate the material and do a^ 
purity and fineness analysis* 

•1* A 100 mesh screen has 100 openings per inch; diameter of 
the openings varies with wire thickness, so there*s no real 
standardi»atioii|a 50 mesh sceen has openings about 0»0122". 
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The table below shows the reaction rate of 3 nesb sizes of 
llaiestonft applied at the sane rates 



This 9raph Is fce» a 
greenhouse experiment 
at Oregon State, Field 
reaction tines would 
be somewhat slower* 



Material with a satisfactory fineness should all pass 
through a 10 mesh screen, and at least 50% should pass through 
a 100 mesh screen* You^ll probably have to settle for less, 
which means it should be applied a year er more ahead of the 
hoped for pH change* Or you can use more material* 



Purity of Liming Materials : Uhless the material has a label 
guarantee, it^s hard to judge purity without a lab analysis* 
The greater the impurities, the more material will be needed* 



HOW Soil Exchange Capacity Aff^ts the Amounfe of Lime Needed 

A solX*s exchange capacity (negative charge) depends on 
its clay and humus content and type of clay minerals* The 
higher the exchange capacity the greater the soil's ability 
to resist changes in pH« That means that clayey soils ^'ten need 
a lot more lime than sandy soils to achieve an equal rise in 
pH* That^s because soil^s have both an active and reserve *1 
acidity* The active acidity is produced by those hydrogen 
ions (H^) floating around free and is what you measure when 
you take a soil pH reading* However, for every free floating 

ion, there may be thousands or more H+ ions held by the 
negatively charged clay and humus particles* As the lime 
neutralizes the ions that are free floating, part of the 
huge reserve of ions held by clay and humus particles 
is released to take the place of the neutralized ones* The 
higher the amount of clay and humus, the greater the negative 
charge and the reserve acidity, and the more li^e will be 

*1* The reserve (inactive) acidity doesn*t affect the pH reading * 



6*5 * ^ 



6*0 



5*0 



J 



j:^_no J.ime 



o^~i 1 — ~i ? 

2wlcs 6 mo 12 no 18 
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needed to obtain a given tise in pH* 

0on*t get confusedl In tems of soil pH (active acidity), 
clayey soils. aren't any more likely to be acid than sandy, 
soilSt but they're more resistant to changes in pH (either 
upward or downward) due to their greater buffering capacity 
(negative charge)* 



"Tropical vs. "Tenperate** Soils 

"tropical** soils require le^s lime than '^tenqperate** 
soils of the same texture to obtain an equal rise in pH* 
That's because tipopical type clay minerals have a much lower 
negative charge than teiiqperate types (see p* 36) and there- 
fore less reserve acidity (buffenng capacity)* Remeoiber 
that both tropical and temperate clay minerals occur in the 
tropics - that's another good reason^ for letting the soil 
lab determine the amoimt of liiae needed instead of using a 
table* 



"Gu^atlmafclnQ** the Amount of Lime Weeded 

If you don *t have access to a reliable Soils lab# you 
can roughly estimate the amount of lime needed vdth this 
table* Check the soil periodically starting about 2 muiths 
after explication to measure the effect* LiM won't react 
much during the dry season if the topsoil dries out* 

APPROXIMATE AMTS* OF FINILV GRQUMD PPRg LIME5T0HE WEEDED*^ 
TO RAISE THE bH CT A 7 IWCH LAYER OF SOIL AS INDICATED : 

(iSiis table applies to true "tropical** type soils which have a 
lower negative charge than "temperate" soils of the same tex-, 
ture{ that means you'll err on the safe side (too little lime) 
if your soil happens to have teniperate type clay minerals) 

Atait* of pure limestone needed per acre or 
hectare to raise the pH of a soil fromx 

pH 4*5 -pH 5*5 pH 5-5 -pH 6#5 

Sand or loamy sand 540 lbs*/Ay 600 kgs*/Ha 800 lbs*/Ay 900 kgs*/Ha 
Sandy loan 1000 lbs*/Ay 1100 lcgs*/Ha 1400 lbs */Ay 1550 kgs*/Ka 

Loam 1500 Ib3*/Ay 1700 1cgs*/Ha 2000 Ib3*/A, 2200kgs/Ha- 

Silt loam 2400 Ib8*/Ay 2700 kgs*/Ha 2800 lbs*/A, 3100 kgs/Ki 

Clay loam 3000 lbs*/Ay 3350 kgs*/Ha 3800 lbs*/Ay 4200 kgs/ECa 

You'll have to adjust these rates for the neutrall«lttff 
value and purity of the material you farmer is using* 

♦1. Based OB table in Efficient Use of Perttllaers . FAG Ag 
Study #43 y p* 140* 
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PROBLEM : 5uppos« Paco ne*d« to ral«ft hl« coil's pH from 
4*5 to 5*5 and has a day loan soil* The 
tabla says that about 3000 Ibsv/aera of puc« 
groxind llneaton* is n*ttdttd| if he*s using buriMd 
* llm« that's •sti«at«d to b« pur*, how much 
will h^ nMid? 

solution : The neutralizing Yalue of burned llai« is 179V 
coi^arftd to 100% for llMston* s^t 

U>a* (ICQS,) of llKftstona n— ded . Mt«cia 
Mautrallzlng ▼aXua of material n«eded <100X purity) 

- 1675 lbs. ^ure burned 
^•79 liiie needed 

Since the burned lime he's using is only 80i 
pur*t 

AaU of PVffft ffifttWtflj Pttjrt . Ant. of actual 
^ purity of materia usii 2;j;rJL^ed 

^Z5 < • 2100 lbs. 80% pur* burned 
line nettdvd par acre 



HOW AND WHBH TO LIME 

Lime should be broadcast uniformly orer the^soil surface 
and then thoroughly mlxftd into the top 6-3« of soil by plowing 
or hoeing* Harrowing alone will only move the material down 
2'3**. When applying lime to est^llsbed pastures, it can bfr 
broadcast directly over the pasture without worldng it in. 
If broadcasting lime by hand, ^vide the anount in half and 
apply one portion lengthwlsm ,snd the other across; wear a mask 
and, avoid using caustic slaked or burn«d lime* / 

Apply liming materials at least 2-6 months ahead of planting; 
it'll take at least this long for soil pH to be affected; this 
will also give caustic foMnis of lime tine to break dom to 
avoid possible root injury* 

Where liming is expensive or its application difficult, you 
can try •♦spot" liming in the immediate row or plant zone of 
the crop (i.e. in cucuirtber or smiash •niills" or a IS** diameter 
circle around each tomato plants* Adjust your rates according- 
ly* Don't mix line and fertiliser together- it'll tie up P 
and release ammonia gas from N. 

How Often Is Liming NeededT T-^Jfavbe as often as every 3-5 years, 
especially if high rates of nanure, compost, or other add 
forming fertilizers are used <see p. 76 ). Sandy soils will 
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need. more frequent liming than clayey soils since they have 
less buffering capacity, but they'll also need lower rates* 



DON'T OVERLIWEI 

Never raise the pH of « «oll above 6*S %rti«n liming* Don't 
raise the pH by more than one iftill unit at a tlM* It may 
only be necessary to raise the pH i^) to 5*5 or 6*0 for best 
yields of most crops* 

Overllmlng can be worse than not liming at all because! 

1* Raising the pH Above 6*5 Increases the likelihood 
of mlcronutrieht defleleheles (except Molybdenum)* 

2* PhQgphoruft awrjilljihlltfev starts declining above a 
pH of 6*5 due to the formation of relatively In- 
soluble compounds with calcium and magnesium* 

3* Liming stimulates the activity of soil microbes 
and Increases losses of soil organic matter by 
decomposition* 
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pKsa IX 

SALTMgry AMP ftfcf rtrrTlfm PPiming 



or 



Salinity and alk^inlty problam eoomoaiy occur la arid 
laal-arld araai (rainfall undar 20^ a yaar) Mbar* rainfall 
or irrigation isn*t sufficiant to laach aeeumilatlng aalia 
out of tha root zona* Tha aalta ara raiaaaad by dacoMpoalng 
rocks and par«it natarlal balow tlia aubaotl bat ara oftan 
brought In by tiia irrigation watar «riiieh uaualiy eotttalna 
from 200 Iba. up to aavaral ia&jL P*^ aer*i»fbbt Cl2** 

daap layer of watar on an acraiT 

In humid ragiotts, thara*s uaualiy anough raiftfall to 
fluah the salts downward out of root sona* At low rain- 
fall areas, irrigation may move the sttlts downwardt but 
they'll move back up as tha soil dries out betwaan irrigations 
if the water volume applied is too low| the very high enrapora- 
tion rates common to these drier regions aggravate this ten- 
dency* In many eases, ubaurfa e* dr«4nAQ* is also poor which 
makes natters worse* Bringing land under irrigation may raise 
the watar tahia -feo within a few feet of the surface, making 
it easy for silts to move upward by eaplllarv action, 

V ■ . ■ ■ , 

Saline and alkali (sodlc) soils fall into 3 classes accord- 
ing to the amount of soluble salts and adsorbed <held by clay 
and humus particles) sodium they contain* 
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l« SALpiE SOXLSi They contain enough aftiubi* "altf to 
seriously hanb crop growth* The salts are mainly 
chlorides, sulfates, and bicarbonates of calcium 
and magnesiuni* Im»ss than 15% of the soil's SKchange 
edacity (C*E*C*| 8ee-p^38) la occupied by adsorbed 
sodiiim ionsi and the pH is usually below e«S« Saline 
soils are also called white aj^fcall soils since the 
salts tend tfo ac;cumulate on tne soil surface* The 
usual cause is lack of enough water for adequate 
leaching, poor drainage, or both* 

2* SALXHE^ALKALX (Sallne-aodlc ) gPILS : These Soils not 
only eontnln excessive amounts of soluble salts but 
also harmful amounts of adsorbed sbdiumi more than 
15% of the C.E.C* is occupied by sovlus ions* Though 
sodium Is a very strong base, the pH of these soils 
is usually below 8*S dtie to the buffmring Influence 
of the soluble salts* 
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3* WOtUSALINE ALKALI SOILS ( SodlC Soils) a TheSe soils have 
only low levels of soluble salts but have excessive amounts 
of sodliim; more than 15% of the solids C«£*C* Is occu- 
pied by adsorbed sodium Ions <l*e* held by clay and humus 
partijcles* The pH Is above 8*5 and often as high as 10 
since the buffering Influence of the soluble salts is 
absent* Ihe high sodium content causes these soils to 
have very poor physical condition : they tend to b« dis- 
persed and puddled (broken down) and may be impervious 
to water* Eoth the high pH and sodium is hanoful to 
plants* Sodlc soils are also called blaele allcall soils, 
since their surfaces are often black due to dispersed 
humus brought to the surface* 



HOW SALINITY AND ALKALINITO HARM CROP GROWTH 

1* Osmotic Effect of Salts : Soluble salts in the soil water 
reduce the ability of plants to absorb water through the 
root membranes (osmosis)* If the salt concentration 
is high enough, vater actually starts moving out of 
the plant roots back into the soil and the plant dies; 
this is called plasmolvsis * At lower levels, plants 
suffer from leaf tip bum, stunting, and defoliation* 

2* Effect of Sodium : Sodic soils harm plant growth mainly 
through the toxic effect of sodium itself, the high 
alkalinity <pH 8*5-10) , and the toxicity of bicarbonate 
with which sodium is often associated* 

3* Boron Toxicity > Host irrigation water contains boron 
wttich becomes toscic above 1 or ^ parts per million; 
borcxi is not easily leached from the soil* High boron 
irrigation water may limit fa^rning^ to boron tolerant 
crops (navy beans and nearly all fruit trees including 
citrus are boron sensitive)* \ 

T^n ^TAf^f jOSIS OF SALINITY AND ALKALINITY 

Soil testing labs can measure the soluble salt cdntent of 
soils through electrical conductivity tests; the higher vthe 
ctonductivity* the higher the soluble salt content (salts aste 
electrolytes)* The readings are expressed either in nll?'^11**'^r 
or micromhos . ESC or ■ electrical conductivity* Readings 
can range from O to over 16 mlllimhos (16,000 micromhbs), and 
the table on the next page gives 5 categories of salt content* 
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Soluble Salt Contiit of SallM 

Electrical ConductlTltv CC) 
HlllljJ>oa Htera^oa 

lass than 2000 Mo vdvarsa aff«ct* 

2000 



lass than 2 

2 



below 8 

8-16 
16 up 



belov 8000 

8000-16,000 
16,000 vqp 



Tlalds of soae salt sansltlva 
crops as* aff«ct;*d* 

Only MOdorataly salt toXarant 
crops can b« yroim* 

Only salt tolerant crops* 

No profitable cropping possible 



Labs can also measure the mount of adsorbed soil sodlun to 
detemine alkali danger* 



Waasurinq rrriaation Water Quality 

%e soluble salt, sodlun, and boron content of Irrigetion 
Water can also be tested* 

Solubla Salts i The U*S* Salinity Laib at RlTerside, Cttl* places 
irrigation water in 4 categories according to soluble salt 



level: 

ClifUL^s^ 
Low salinity 

Class 2; 
Med, salinity 



(100*250 oicronhos/cM* or 0*1-0*25 mlllliShos/ai*) 
Safe to use on practically all orops and soils; 
soiiw leaching is needed tp^keep salts moving 
downward; problems may develop on poor drainage 
soils* 

(251-750 mlcromhos/cm* or 0*25-0*75 nllllmhos/cm*) 
Can be used to irrigate relatively permeable 
soils; mMium salt tolerant crops are needed; 
leaching is essential* 

(751-2250 microokhos/cMot 0*75-2*25 millloihos/cm*) 
Only for salt tolerant crope; adequate subsurface 
drainage is a must as well as leaching* 



Very high 
salinity 



Class 4 : (above .2250 micromhos/cm* or 2*25 nllllnihos/cm*) 
Shouldn't be used for irrigation except under 
«:ertain ideal conditions (l*e* permeable soilf 
good drainage, high water rates to prMtote good 
leaching 0* 
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Sodium in Water ; The sodium content of irrigation water can 
also be measured but the potential toxicity depends on the 
proportion of sodium relative to the water's coabined caldtmi 
and magnesi<]Ha contentf plus th e soluble salt content* 

•1* This ratio is called the Sodliua Adsorption Ratio (5*a*R*) 
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RELATIVE TOLERANCE OF CROPS TO SALINITY *! 

The crops are listed in order of decreasing salt toleranc* 
within each group* 



Date palm 

Coconut 



FRUIT CROPS 

Hedlua 

Pomegranate 
Pig 
Oliye 
<'r^;>e 



Pear 

Apple 

Orazige 

Grapefruit 

Peach 

Strawberry 



Avocado 



<'arden beets 

Kale-^ 

Spinach 



VEGIES 

Tomato 

Broccoli 

Cabbage 

Bell Pepper 

Cauliflower 

Lettuce 

Sweetcorn 

Potatoes 

Carrots 

Onions 

Peew 

Squash 

Cucumber 

Cantaloupe 



Radish 
Celecy 
Ormtn beans 



FIELD CROPS 



Barley ^ Rye Field beans 

Sugar beets Wheat 
Cotton Oats 

Rice 

Sorghum 

Com 

Flax 

Sunflower 
Soybeans 



*1* From *'Some Principles & Practices in the Irrigation of 
Teeas Soils"* Texas Agr* Expt* Sta« Bui* 937, p* 16 
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DiaT.AT-nrg TOj^ERAHCE OF SOW CROPS TO BOROM 




Plim 
Pttar 



Peach 
Orange 



Xardota fig 
PersliBm 



Pecan 
Mavy been 



Com 

Oraln aorghun 
Oat 

Pumpkin 
Bell pepper 
Sweetpotato 
Lima heaa 



Arecado 
Grapefruit 
tienen 



HOW TP RECUOM ANP MAKAgE SJOHIB AMD ALKALI SOILS 



saline Solla 

Since saline soils contain only soluble salts, leachi ng 
is the cure* In nany casesf heimver. salinity is caused by 
a high water table, and leaching won't be effective until 
artificial drainage has been installed (like tile drains)* 

Either periodic leaching or c^mtinuous flooding any be 
used* Salt tolerant crops like beet • 'Cotton. and barley 
can be grown during reclamation if flooding isn't used* The 
amoimt of water needed for leaching depends on the salt con- 
tent of the soil and water and the final salt level desired* 
As a rough guide, about 50% of the (salt in the root %on^ 
can be removed with 6* of water applied per foot of soil* 
About 60% can be remoTed with 1 ft* of water per ft* of 
soil* 

The leaching reouiremenfe is the ratio of th# salt eontant 
of the irrigation water to that of the soil* For example, 
where a EC of 6 can be tolerated In the root zone and irriga- 
tion water as a EC of 2 (millimhos), the leaching requiremeilt 
is 2/e or 25%} that means that 25% more water should be applied 
to a crop than is used up by transpiration and eTc^ration* 



Mon-saline Alkali Soils (Sodic Soils) 

Leaching alone woft*t remove the adsorbed (stuck on) sodium 
and insoluble sodium carbonate and bicaw>onate* You first 
have to knock off the sodium ions by using a soil amoikdmaat 
like avBsum (calcium sulfate); limestone won't work because 
it's Insolt&le at high pHls* The gypsum reacts with the soil 
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1* It conTerts Insolubl* aodlum salts to soiuible sodium 
sulfate Mhlch Is laachable* 

2* It also displaces the adsorbed sodium stuck on the 
clay and humus particles and replaces It with cal- 
cium; this also lowers the high soil pH* 

The gypsum needs to be finely ground and should be broadcast 
and worked Into the soil with a plow or disk; leaching can 
be started Inme^ately* 

On those alkali soils containing calcium carbonate, sulfur 
can be used Instead of gypsum* The soil badiberlaCjoiTert the 
sulfur into sulfate which then reacts with the lime in the 
soil to form gypsum* If sulfur is used, leaching should be 
postponed 2-3 months to allow time for the conversion* *1 

Non-saline alkali soils are usually in poor physical 
condition for leaching due to particle dispersion* A sUb« 
seller or deep plowing should be used to aid leaching* 
Leaching won*t be effective if the water table is high* 



Saline-Alkali Soils 

Leaching by Itself isn*t effective since it removes only 
the soluble (saline) salts, leaving behind the adsorbed sodium* 
Free from the buffering influence of the soluble salts, the 
sodium can now exert its full effect in raising the pH and 
deteriorating soil physical condition* All you*ve done is 
convert a sallne-sodlc soil to a sodic sollt' In a few 
cases, leaching without using gypsum or sulfur may be ef- 
fective if the soil contains a large amount of soluble cal- 
cium or magnesium which could displace adsorbed sodium* 



Controlling the Buildup of Salinltv and Alkalinity 

It*s seldw possible to permanently rid an affected soil 
of salinity and alkalinity, especially if the irrigation water 
is the main cause of the problem* There's no econcMnlcally 
feasible way to reduce the soluble salt content of irrigation 
water, but the alkali <sodlum) hazard can be virtually elimi- 
nated by adding gypsum to th,B water* Automatic gypstim meter- 
ing devices can be bought or built or a sack of gypsum placed 
in the irrigation ditch* 

Controlling Salinity i Enough excess water must be applied 
to leach the excess salts from the root zone, yet too much 
water may dangerously raise the water table* Land leveling 
to smooth out depressions and rises will give more even dis- 
tribution of water and prevent high-salt pockets from develop- 
Ingo Furrow irrigation will cause salts to accumulate near 

*1* The soils lab will tell you how much gypsum or sulfur is 
needed* ^ ^ 
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attention is given to ■•edbed style, 
the plants «nl«s»«P?=^*L*5:d. with the crop running down 
iSr Sxample» if aingle >^t!L,*'ctSlTl2Y wtterSoYe-ent will con- 
the centSr are uaed» "P«*f* I?e (bad news), "sing 

centrate salts right «S«e the P^f sloping bed. with 

**?"*^i:on?hrieU l/2 2/?Ss ol tnl bed cuts down salt 
^^?^;i\"t^ i thri«diate.pl^^ .one. 




salt 

accumulation 



salt 

accunulation 



±DOUBtt «^ 
- 4. RAW J '* •J.^n S 




accunul at ion 



acciimul ation 




salt 
accumulation 



sdt 
accumulation 
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aOWB HIKtm COMVEHSIOIIS 

1 ACRE - 4000 Bq« n^tftrs - 4848 sq« yards * 43^560 sq« ft* - 
0*4 h«ctarfts - 0*58 nansanu (C«ntral A»«ric«)« 

I HECTARE * lOyOOO sq« netftrs - 2*47. acrM . 1.43 aansanas* 

1 MANZANA (Central AMrlca) - 10»000 aq* rara* - 7000 aq« 
Matara - 8370 aq« yarda - 1«73 acraa* 

Lbm*/Kcv - 0«89 X l6ga«/t>actara - 0*58 x lba«/«aiisaiia 

K^s«/Hactara m 1«12 x tte«/acra « 0*65 x ltoa«/uiAaaaa 

Lbs«/Mansana - l«73 x lba«/aera - 1«S4 x lcga«/haetara 

1 l£« - 16 OS* - 0*454 fcgs* - 454 yraaal 1 oa« - 28*4 qrtmt* 
1 KILOGRAM 2*2 lba« - 1000 qrtms - 35*2 oa« 

1 WTKR . 100 CMS. « 1000 M. - 39.37" - 3.28 ft. 

1 CEMTIHETER - 0.39" . 10 mm, 

1 INCH . 2*54 CM* - 25*4 Mi. 

1 VARA (Central Anarlca) - 32.8** - 83.7 cms* 

1 LITER . 1000 c«c« m 1000 Ml. « 1*06 4iiart« (U*5«) 

1 GALLON (u«S«) - 3.78 lltars - 16 cups - 256 level tableapoona 

768 taaspoona* 

I FLUID 0Z« m 30 c«c« * 2 level tablespoons 

1 (level) TABLESPOON - 15 c«c« (with solids) • 18 c«c« (with 

liquids due to surface tension) . 
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COMPOSmOW Qg COKMOK FMItlLIZKRS 



NITROGEN SOXmCES 



Mono- & di-ammonluai i^osphatM <s«« ttndar N) 
AomonluB phosphate sulfata un4«r N) 



POTASSIUM SOURCES 

Potassium chloride 
(muriate potash) 

Potassiuii sulfate 

Potassium nltrata 

Potassium magnesium 
siafate (11% Mg, 16% MgO) 



0 
13% 
0 



0 
0 
0 



62% 

S0.S3% 
44% 

21-22% 



S % 



Anhydrous annonia (KR3) 


82% 


0 


0 


0 


Amoniuii nitrate 


33% 


0 


0 


0 


Aa# nltrsttt ^ lime 


20.5% 


0 


0 


0 


Aimaonlum sulfata 


20-21% 


0 


0 


23-24% 


Ananonium phosphate 


16% 


20% 


0 


9-15% 






39]> 


0 


7% 


Nono-anmonlun phosphate 


11% 


46% 


0 


3-4% 


(2 kinds) 


12% 


61% 


0 


0 


Di^amnoniuni phosphata 


16% 


48% 


0 


0 


(3 kinds) 


18% 


46% 


0 


0 




21% 


53% 


0 


0 


Calcium nitrate 


IS .5% 


0 


0 


0 


Sodium citrate 


16% 


0 


0 


0 


Potassium nitrate 


13% 


0 


46% 


0 


Urea 


45-46% 


0 


0 


0 


PHOSPHORUS SOURCES 










Single superphosphate 


0 


16-22% 


0 


8-12% 


Triple superphosphate 


0 


42-47% 


0 


1-3% 



18% 

0 
18% 



NOTE: 



PgO^ X 0,44 



Pt K^O X 0.83 • K; S X 3*0 • SO4 
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DETERMINIWS SOIL MOISTURE BY FEEL OR APPEARANCE*^ 



feel or J^pearance of Soli 



Avail ablo 
Moisture 
In Soil 


Very coars« 
Texture 
(sand) 


Coarse 
Texture 
(loamy sand, 
sandy loam) 


Medium 
Texture 

(Fine sandy loami 
silt loan) 


Pin* 
Texture 
(clay loWf 
clay) 


0% 


Dryt loose 1 and 
single grained} 
flows through 
fingers 


Dry and loose; 
flows through 
fingers • 


Powdery dry; soae^ 
tines slightly 
crusted but 
breaks easily 
into powder* 


Rard| b«ked| 
cracked 9 often 
with crumbs on 
surface* 


50% 
or 
less 


Appears dry; won*t 
form a ball un- 
der pressure** 2 


Appears dry; . 
won't fom a ball 
under pressure;*! 


Soaetriiat cruibly 
but holds to- 
gether iinder 
pressure* 


Somwrtiat pli- 
able; balls un- 
der pressure* 


50-75 % i 


Appears dry; won't 
form a ball un- 
der pressure* 


Tends to ball un- 
der pressure but 
seldMi holds to- 
gether* 


Porms a ball un- 
der pressttrat — v 
will suaetimes 
SUCK s^igncxy 
with pressure* 


Forms a ball; 
^dbbbens out be- 
tween thumb & 
xorexuger * 


- 

75X to 
field I 
capacity 
(100%) 


sticks together 
slightly; nay 
form very weaJc 
ball under pres- 
sure* 


Forms weak ball| 
breaks easily^ 
will not slick. 

1 


Forms ball; very 
pliable, slicks 
readily If high 
In clay* 


Saslly ribbons 
out between 
fingers; has a 
slick feel* 


ttfe f iftld 

capacity 
(100%) 


■ ■ 1 
On squeeslngi no 
free water ap^. 
pears on soil but 
wet outline of 
ball left onhand* 


Same as for sand* 


Same as for sand* 


Same as for 
sand* 



*1* Based on VSDA Ag* Info* Bui* No* 199* 



*2* Ball Is formed by 8c(ueezing a handful of soil very firmly* 
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SPACIMg gUHMt 
FOR COWTOPR DITCHES <» OTHER EHOSIOM BARRIEH3 ^ 

% SLOPE DEGREES SLOPE DISTANCE BETWEEN DITCHES 



5% 

e% 
n 
ex 

9% 
10% 

11% 

13% 
13% 
14% 
16% 
16% 
17% 

ie% 

19% 
20% 
21% 
22% 
23% 
24% 
25% 
26% 
27% 

2e% 

29% 
30% 



11' 



14' 



17® 



21.6 
19.3 
17.7 
16.6 
15.8 
15.0 
14.2 
13.4 
12.7 
12.1 
11.5 
11*0 
10.5 
10.0 
9.5 
9.0 
8.6 
8.2 
7.8 
7.5 
7.2 
7.0 
6.7 
6.4 
6.2 
6.0 



S«e pp. 

Based on data from PC/El Salvador* 



(Continued) 
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% SLOPE DI^RKES SLOPE DISTAWCE BBTMEEif DIgCHES 



31)( 5.6 18.0 

32% 5.6 ie«4 

33* : 5.4 17.7 

34% 5.2 17*0 

35* 19° 5.0 16.4 

3eX 4^9 16.1 

3?* 4.8 15.7 

38)( 4.7 15.4 

39% 4.6 15.1 

40% 22° 4.5 14.8 

41% 4.4 14*4 

42% 4.3 14.1 

43% ' 4.3 13.8 

44% 4.1 13.4 

45% 24° 4.0 13.1 
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HUNGER SlgWS IN COMMON CROPS 
Before trying to spot hunger signs, read over p» 56* 



Nitrogen 
Corn^ Sorghum# Wheat* Rice 

Young plants are stunted and 4pii^dly with yellowish'* 
green leaves^ In older plants, the tips of the lower 
leaves first show yellowing which Up the mid-rib In a "V** 
shaped pattern, the leaf margins staying green* In some 
cases, there's a general yellowing of the, lower leaves* 
In severe N hunger, the Icwer leaves soon turn brown and 
die from the tips onward* This **firlng*' can also be caused 
by drought, which prevents >N uptake* 

Grain and Pasture LeaumeS (Peanuts # Bean^ Soybeans^ Kudzu^etc*) 

Many legumes like peanuts, soybeans, and pasture legumes 
can fix all or most of their N if properly nodulated by the 
right strain of Rhizobia bacteria* Others like lima beans^ 
common beans, and peas are less efficient and need ferti- ^ 
lizer N. 

N deficient legumes have pale green leaves with a yel<- 
lowish tinge, starting first with the lower leaves; in later 
stages, leaf drpp may occur* ^ 

If an efficient N fixer like peanuts or soybeans shows 
deficiency symptoms,oheck for adequate nodulation (see p*l]9)* 

Veqies 

Tomatoes first'show stunted growth and loss of normal 
green color first\in the younger # upper leaves which stay 
small and thin; the whole plant gradually bocomes light 
green to pale yellow; the veins begin to change from light 
green to purple, especially on the underside* Flower_b^ds 
turn yellow and drop off, and fruits are small**^ 

Cucumbers and sauash first show leaf stunting and a ^ 
loss of deep green; stems are spindly and fruits are light 
in color (cucumbers ) • 

Other veqies show a general leaf yellowing* 



Phosphorus 

Corn> Sorghum# Wheat* Rice 

Hunger signs are mps.t Jikely during early growth* Mild 
shojTtages usually cause stunting w/o clear leaf signs* More 

— 



(Hunger signs, continued) 

Calcium 

Deficiencies are rare in most crops except vegies# B^pj** 
yom ^nd-ro^ of tomatoes is mainly caused by calcium defic- 
iencies# celery will develop brown, /decaying areas in its 
heart leaves* Carrot roots have cavity spots* 

Maqnes ium 

CoriLi Sorghum. Small Grains / 

Xn com and sorghum, a general yellowing of the lower 
leaves is the first sign; eventually, the area between the 
veins turns light yellow to alu^st white vrtiile the veins 
stay fairly green; as the deficiency progresses, the leaves 
turn reddish'purple along theii: edges and tips starting at 
the lower leaves and working upward* signs aren*t clear-cut 
in small grains* / 

Lequ»ea 

In early stages, sovb^^ leaves become pale green between 
the main veins and then turn a deep yellow, except at the 
bases* : 

Veqies / j 

Cabbage, cucunU>er| watermelon, | tomato, eggplant, and pep* 
per are the most susceptible* Tomatoes get brittle leaves 
which may curl upwards (can be caused by other things too); 
the veins stay dark green while ^he areas between t\irn 
yellow and then finally brown* 

\ 

Wl;iere t , y SUS-Pect peflciencles i Acid, sandy soils or those 
limed with a material lacking magnesium* . 



Sulfur 

Where to Suspect : Volcanic soils| acid, sandy, heavily leached 
soils; where low sulfur fertilizers have been used* 

Corn* Sorghum. Small Grains 

These crops have low S needs compared to cabbage family 
crops and legumes* stunted growth* delayed maturity, and 
a general yellowing of the leaves vas distinguished from 
N deficiencies) are the main signs* Sometimest the veins 
may stay green which can he mistaken for iron or zinc. de« 
ficiencyf however, iron and zinc shortages are more likely 
in slightly acid to basic soils, while S huncrer occurs most 
often in acid soils* 

Legumes and Veyies / 
Not readily recognizable* 
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(Hufi^r Signs, continued) 

Zinc 

Where to Suspect : Most common above a pH of 6«8# 
Cprn* S6rqhum> Small grains 

Co j rn : Shows the most clear-cut zinc hunger signs of all 

crops » If severe, symptoms appear within 2 wee^cs of 
emergence* A broad band of bleached tilssue on each side 
of the leaf mid*rib, beginning at the base of the leaf 
and occuring mainly on the lower half of the leaf is 
typical* The mid**rib and leaf margiil stay green^ and 
the plants are stunted* Hlld shortages may causes 
an interveinai striping sljitilar to iron or manganese 
deficiency* However, in Pe and Mn shortages, the im* 
terveinal striping runs the full length of the leaf* 

Sorghum : Similar to corn but less ^nterveinal striping^ and 
the wAiite band is more defined (lower part of the 
leaves)* 

Small grains : Less common and easily spotted. 

/ Soybeans, Beans : Area between the leaf veins becomes yellow 
to white; most severe on lower leaves; the affected areas 
may turn brown or grey and die* 



Where to Suspect : 
sensitve crop* 



Above a pH of 6*8* Sorghum is the most 



Corn^ Sorghum : Sorghum is much more prone to iron hunger* 
Both crops show an interveinai yellowing that extends the 
full length of the leaves (especially the upper ones)* 
Hard^o diagnose in small grains* Leg\imes show similar inters 
veinal yellowing* 

Manganese . 

Where to suspect : Above pH 6*8. Sandy or heavily leached soils* 
Tomatoes f beans , lettuce , onion , radi sh , 

Corn^ Sorghum^ Small gralflp : Small grains (esp* oats) are much 
more sensitive than corn or sorghum* Oats show gray^brown 
dead spots on the leaf margins, first on the higher leaves* 
The spots can turn into streaks and enlongate; the upper 
half or 2/3rds of the leaf may fall over due to dead tissue* 

Beans . Soybeans ^ Interveinai yellowing to whitening; veins 
stay greenj brown spots and dead areas form (vay be confused ^ 
with diseases)* Occurs on newer leaves* 

Vegies : Tomatoes show interveinai yellowing* 
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(Hunger signs , continued ) 



Boron 

Where to Suspect ; Acid, sandy soils or high pH soils» Cab- 
bage fandly, carrots, celery, tomatoes, 
and sweetpotatoes are most sensitive* Boron 
deficiency is the moJ?t cormnon of all the 
micronutrients in vegies* 

Veqies ; Symptoms vary a lot with the crop* Table beets ,, tuir- 
nip s^ and other root crop^ show dark spots on the 
root, usually at the thickest part* Plants are 
stunted with smaller than normal leaves which de- 
velop yellow and purple-red blotches; leaf stalks 
show a length-wise splitting* Growing point may die* 

Letttice shows malformation of the quicker growing 
leaves, death of the growing point, and leaf tip 
burning and spotting* 



Molybdenum 

Where to Suspect : Acid soils| legumes, cabbage family (esp* 

cauliflowers 



Legumes : Since Mo is needed by Rhizobia N fixing bacteria, 
Mo hungry legumes often show the same signs as 
in N deficiency* 

Cauliflower^ Cabbage^ Broccoli t Inter-veinal yellowing along 
with cupping of the leaf margins; leaves have a whiplike 
appearance* 
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Acid forming fertilizers 77-78 
Acidity (See also Soil pH) 

active vs. reserve 140-141 
Alkali problems 43, 144*^50 
Alkalinity 40-41 
Aluminum toxicity 43, 137 
Ammonium nitrate 74 
Ammonium nitrogen 7, 39, 45-46 
Ammonium pnosphate 75 
Ammonium phosphate sulfate 75 
Ammonium sulfate 74 
Anhydrous ammonia 75 
Anion 38 

Bananas 134-13 6 
Basic slag 76 
Beans 45, 117-118 
Bonemeal 66 

Boron 49, 83, 145, 148 

Broadcasting 84 

Burned lime (quicklime) 139 

Cassava (manioc, yuca) 121*122 
Cation 38 

Cation exchange capacity 39, 140 
Chelates 77 
Clay(s) 3-4 

hydrous oxide clays 3 

negative charge 3 

silicate clays 3 

tropical vs. t^nperate 3-4 
Clayey soils 12-13 
Coffee 132-134 
Color (see Soil) 
Complete fertilizer 72 
Composts & composting 62-65 
Contour lines 25-30 
Contour cropping 25 \ 
Copper 49, 83 
Corn lOy-113 

'^hunger signs** 156-160 
Cuc^IInber 124, 125, 126 

Demonstrations 56 
Denitrif ication 116 
Depth (see Soil) 
Disk harrow 32 
Disk plow 32 

Dolomitic limestone 76 , 82, 138 

Double-digging 3b 

Drainage 18-19 

color as a guide 19 
effect on crop growth 19 
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Earthworms 69-70 
Eggplant 124, 126 
Erosion 20-30 
Evaporation 15 ^ 18 
Exchange capacity 31*, 140 

Fertilizers 

acid forming 77-78 

application methods 84-87 

chemical vs. organic 38-60 

economics 89-*91 

effect on pH 77-78 

granular 71 

liquid 61, 86 

foliar 86-87 

mixing lOO-lOl 

organic 58-68 
Fertilizer burn 87-88 
Fixation (N) 7, 45 
Fixation (P) 47,81 
Foliar fertilizers 86-;87 

Gras*^-3"tgumo pastures 129 
GraL 127-130 
Green .anure crops 67 
Gypsum 77, l2l, 148 

Hardpans 19, 20 
Hole placement 85 
Humus 4-5, 39 
Hunger signs 156-160 
Hydrated lime 139 
Hydrous oxide clays 3 

Innoculation (legumes) 119-120 
Ion 38 

Irrigation 17*18, 87 
Iron 49, 83, 114 

KjO 72 

Leaching 38-39, 41, 46 
Legumes 7, 129 
Lettuce 124, 125 
Limestone 48, 82, 138 
Liming 137-143 

materials 138-139 

overliming 143 
Loams. 10-12 

Luxury consximption (K) 48, 128 

Macronutrients 44 

Magnesium 48, 76, 82, 138 

Manganese 49 

deficiency 49, 83, 118 
toxicity 43, 137 \ 
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Manioc tsee Cassavd) 

Manure 60-61 

amount produced 61 

^ low P content 61 
nutrient value 60 
storing, applying 61-62 

Micro-organisms 7 

Micronutrients 44, 49*50, 87, 8,3 

Minium tillage 33 

Mixing fertilizers 100-101 

Molybdenum 44, 49-50, 83, 119 

Mottling 19 

Mulching 68 

Negative charge (see exchange 

capacity) 

Nitrate 7, 45-46 

Nitrogen 45^46 

Nitrogen fixation 7, 45 

Modulation 120 

Nutrient balance 95 * 

Organic fertilizers 58-66 
Organic matter 4^6, 39, 58 
Ove r 1 inving 143 



•'Package" approach 96 
Pastures 127-132 
Peanuts 120-121 
Peppers 124 
pH 40-43, 137 

Phosphorus 46-47, 75-76, 80-81 
Potassium 47-48, 76, 81-82 
Potassium chloride 76, 123, 88 
Potassium nitrate 76 
Potassium sulfate 76 
Potatoes 123-124 

Rhizobia bacteria 7, 45, 120 
Rice 114-117 
Rock phosphate 75 
Roots 

depth of 17 
Rototiller 32 

Salinity 144^150 
Sand 2-3 

Sandy soils 11-12 
Silt 2-3 

Single superphosphate 75 
Slaked lime 139 
Sodium 144^150 
Sodium nitrate 74 
Sodic soils 144-150 



Soil 

color 9, 19 

aepth 20 

drainage 18*^19 

erosion 20-30 

pH 40-43, 137 

slope 20-24 

texture 9-13 

testing 52-55 

tilth 13-14 
Sorghum 113-114, 156-160 
Soybeans 118-120 
Squash 124, 125, 127 
Stripcropping 25 
Subsoil 2 

Sulfur 48*49, 77, 32 
fertilizers 77, 152 
^ Superphosphate 75. 
Sweetpotatoes 122 

Texture (see under Soil) 
Tillage 31 
Tilth 13-14 
Tissue tests 55 
Tomatoes 12 4-12 6 
Topsoll 2 
Transpiration 15 
Tropical clays 3-4, 39-40 

Urea 73. 128 , 

Vegetables 124-127 

Water 

amount needed by crops 17^18 
avail , vs • unavall . 15 
amount held by soil 16, 15 3 
Weeds 96 

Yuca (see Cassava) 
Zinc 49, 83, -95, 111 
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Stocc 1961 wheD the P«icc Corps mi cre^tcdt von tbto SOtOOO U.S. cttiMQi hav« ■■rv«d 
Volunteer* Id dcviloptog cotaitrtcit living «nd tforktns aaoog the p«opIi of tbc Ihttd 
tbrld tts collcigufti ind co^rktri. TcKl«y 6000 PCVi «ri tnvolv«d in protgrasi diil^nvd 
to hftlp strengthen loc«l cipacttj to addrftii loch fund««otal conc«rsi «■ food 
production^ inter inpplyt mcrgy dcv^lorsentt nntrttton «nd hMltb «dvc«tton ■od 
rc fore It It ton 4 



Loret Hlilcr hippe» Director 
Everett Alvire^t Jr. Deputj Director 

Rlch&rd B* J^ellt Dlrectort Office of Frogrttuitng «nd ttettvtng Goordtnitton 



Peice Gbrpi overseas offices: 



BEiXZE 

P.O. Box 

Bel tee City 

KNlN 
BP 971 
Cotonon 



P.O. Box 1094 
Suva 

GABON 
BP 2099 
UbrevUle 



MALAYSIA 

177 Jelen B»Je Node 
Kuele Lumpur 

MALI 

BTii 

iiaeko 



SEYCHELLES 
Box 56A 
VtctOTl4 

SIERRA LKWE 
Prtvete Httl Big 
Freetown 



BOTSWANA 
P.O. Box 93 
Ge bo rone 



GAMBIA. The 
P.O. Box 562 
Benjul 



MAURITAHXA 
BP 222 
Nootlccbott 



SOLOMDW ISLAWDS 
P.O. Box 547 
Hontere 



CAMEROON 
BP 817 
Yeounde 



GHANA 

P.O. Box 5796 
Accre (north) 



MICROHESXA 
P.O. Box 336 
6etp«n» Htrlane 
lelende 



SmZILAMD 
P.O. Box 362 
Ifrelwke 



CENTRAL AFRICAN 
REPUBLIC 
BP 1080 
BAngut 

CHILE 

CXstlle 27-D 
Santtngo 



GUATEMALA 

6e Aventde 1-^6 

Zona 2 

GbateoiaLfl 

BOHDURA S 
Apartedo Poatel 

C-51 
Tegucigalpa 



MDROCOO 

It bia Bencarte 
l^at 



MEPAL 

P.O. Box 613 
Katmandu 



TAHZAhlA 

ibx nii 

Oar «a Salaam 



THAILAHD 

42 Sol SOBpraaong 2 
Fat4thbarl load 
Bangkok 4 



COSTA RlCA 
Apartado Postal 
1266 

San Joae 



DOMINICAN REPUBLIC 
Apartado Postal 

1414 
Santo Do&ingo 

EASTERN CABRIBBEAN 
Including: Antigua 

BarbadoBt Grenadat 

tt>ntaerrat » 

St. Kltta-NeYla» 

St .Lucla^St . 

Vincent* Doalnlca 
**Erln Court" 
BLahopa Court Hill 
P.O. Box 696*C 
fridge townt Barbados 



JAMAICA 

9 Muagrove Avenue 
Klngaton 10 

KEfflfA 

P.O. Box 3051g 
Kalrobl 



LESOTHO 
P.O. Box 
Htaeru 

UBERIA 
Box 7d? 
Honrnvla 

MALAWI 

Box'TOS 

Lilongwe 
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HIGE R 
BP 10537 
Niamey 



OMAH 

P.O. Box 966 
Muacat 

PAPPA MEW GDIHEA 
c/o Jnerlcan finbaaay 
Port Moraaby 



. PARAGUAY 

c/o taerlcan bbaaay 
A#asclon 



P.O. Box 7013 
Hislla 



TOCO 
ftp 3194 
Lome 



tOWCA 
BP 147 
Mtku'Alofa 

TTOtlSlA 

Bt ikre7 Iz>ula 

Braille 
Ttola 

DPPER VOLTA 
BF 537-Samandln 
Qtagidoygou 



WESTERN SAMOA 
P.O. Bix 8B0 



ECUADOR 
Cbsllla 635-A 
Quito 



r"-^ ^ i\^JKiiii2LE Dakar KlnahaM' 
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RWANDA ttyW 

c/o American bbaaay P.O. Box 1151 

KlSall fl^na'a 

SENEGAl^ ZAIRE 

BP 254 ftp 697 



